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ABSTRACT
o
r -
This Thesis  re p o rts  a s e r ie s  of s tu d ie s  o f the behaviour.m f novice  
computer programmers.i:i One hundred and t h i r t y  n ine programs which had i 
been designed as soluTions to  a p a r t ic u la r  programming problem were 
analyzed , and i t  is  shown th a t .d e s p ite  g rea t surface  v a r ie ty ,: . th e  
programs e x h ib it  considerable, u n d erly in g  o rd e r. Concept S o rtin g  and - 
R ecall tasks .w ere  used to induce: the nov ices ' mental; o rgan izaT ions  of , 
programming::knowledge.: A program Quest io n n a ire  was designed :which
presented Subjects w ith  a l te r n a t iv e  p o ss ib le  programmed s o lu tio n s  to a 
p a r t ic u la r  problem. The nov ices ' mental .models of the behaviour of 
re c u rs iv e  procedures were de term i ned fro m :t he i r  s e le c t ions,: and from the 
p ro to co ls  they provided on the p re d ic te d  behaviour of the d i f f e r e n t  
programs. . In  o rder to  d e te rm in e ,the s tru c tu re  perce ived  by novices when 
they were presented w ith  unfam il ia r  programs, a t ra n s c r ip t io n  :Task was 
designed. The ro le  of: A) re a l world knowledge, and:B) programming 
knowledge in problem understanding processes was in v e s tig a te d ,! and an 
' in t e r a c t io n is t '  theory of problem s o lv in g  in computer programming put: 
forw ard.. The p a tte rn  of problem so lv in g  processes p re d ic te d  by the  
theory was fo rm alized  in an In te rp re ta t io n  Theory fo r  scoring  verbal 
p ro to c o ls . The theory was tes ted  by p resen tin g  novices w ith  a problem  
statement, co n ta in in g  some statem ents which were designed to  a c t iv a te  
re a l world knowledge, and o th ers :;th a t were designed :to  a c t iv a te  
programming, knowledge.! The onlays is  o f p ro to co ls  g iven by two novices : 
is  provided,:: and, f in a l  ly ,  product ion system models o f some aspects o f  
th e ir  program w r it in g  behaviour are  provided .
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CHAPTER 1
THE BEHAVIOUR OF NOVICE AND EXPERT PROBLEM SOLVERS
o 1.1 INTRODUCTION
The goal o f th is  .thes is  is  to  provide a model o f  hovice programming 
behaviour. Although some work has begun on novice programmers, the  
models th a t have re s u lte d  have l i t t l e  to  say about what the novice  
programmer knows, o r how he uses what he knows. By c o n tra s t , models o f 
novices in  th e  domain o f physics are  f a i r l y  p o w erfu l, and a re  p re s e n tly  
being fu r th e r  e lab o ra ted  (L a rk in , McDermott, Simon & Simon, 1980; C h i, 
F e lto v ic h  & G laser, 1982). Why is  th is ?  I t  is  not because more people  
are  working on m odelling novice behaviour in  the l a t t e r  domain. Rather 
i t  is  because those who model novices le a rn in g  physics have adopted an 
a lread y  e lab o ra ted  model of physics e x p e rts . The model o f the physics  
expert (Bhaskar & Simon, 1977;) in  tu rn , was borrowed from the research  
th a t had been done on human problem s o lv in g , p a r t ic u la r ly  on e x p erts  in  
chess (Newell & Simon,: 1972; Chase & Simon, 1973), B a s ic a lly , the  
'chess e x p e rt ' model suggests th a t the expert has massive amounts o f 
h ig h ly  s tru c tu re d  knowledge about chess p o s it io n s , and th a t a subset o f 
th is  knowledge is  tr ig g e re d  by p a tte rn s  e x is t in g  on d chess board a t a 
p a r t ic u la r  p o in t in tim e. Once tr ig g e re d ,; th is  re le v a n t subset o f
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knowledge makes a v a ila b le  a response to  the s itu a t io n  th a t e x is ts ,  or a 
candidate set o f responses which can be used in  a fu r th e r  search o f the  
problem space so th a t the best of the candidate responses may be 
determ ined (Chase & Simon, 1973; Simon & G ilm a rt in , 1973). The model 
provides a powerful framework fo r  th in k in g  about many d i f fe r e n t  aspects  
of problem so lv in g  tasks . For example, under the model th e re  are  q u ite  
complex notions of / t h e  o rg a n iza tio n  o f know ledge'. Simon & Simon 
include under th is  la b e l the access, o r indexing , c h a ra c te r is t ic s  to  a 
fragment of knowledge,; arguing th a t as w e ll as having more knowledge, 
the expert has a vast number of access rou tes  to a p a r t ic u la r  fragment 
of knowledge. That is ,  both expert and novice may share knowledge 
re le v a n t to a task in  hand, and yet the novice may f a i l  to use i t  
because i t  was not tr ig g e re d  by aspects of the cu rren t ta s k , or because 
o th er powerful v a r ia b le s  preclude use of such knowledge even i f  i t  is  
accessed (see , fo r  example, the comments on the Adel son s tu d y , b e lo w ).
In the study of what i t  is  th a t experts  and novices know and do in  the  
domain of physics, th is  'chess e x p e r t ' model has been adopted w h o lesa le ,/ 
l ik e  a p re d ic a te  th a t would be given new arguments (knowledge of physics  
in  the p lace o f knowledge of chess). O v e ra ll,  the adoption  has been a 
success. Problem understanding processes have been been e la b o ra te d  
(Novak, 1977; McDermott & L a rk in , 1980; C h i, F e lto v ic h , & G la s e r,
1982; H e lle r  & R e if ,  1982); the knowledge base on which problem  
so lv in g  processes draw have been d e lin e a te d  fo r  v a rio u s  problem types  
(L a rk in , e t a l . ,  1980;. C h i, F e lto v ic h  & G laser, 1982); and process 
models of s tra te g ie s  r e f le c t in g  the behaviour o f  both novices and 
experts  have been implemented in  computer programs whose traces  c lo s e ly  
r e f le c t  (w ith  a few adjustm ents) the s tra te g ie s  used by s o lv e rs  w ith  
d if fe r e n t  a b i l i t i e s  (L a rk in , e t a l . ,  1980). One th in g  th a t th is  th e s is
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w i l l  Show is  th a t th is  same basic  framework serves the study o f novice  
programmers. I t  w i l l  a lso  show th a t in order to devise  an accurate  
p o rtra y a l o f the novice programmer, d i f  fe re n t methodologies than "those 
c u rre n tly  being used are necessary, and a lso  th a t i t  is  im portant to  
drop th e  i l lu s io n  of the  average n o v ic e . Brooks (1977) has shown q u ite  
co n v in c in g ly  th a t  the idea of the p ro to ty p ic a l exp ert is  an i l lu s io n ,  
and so i t  is  obviously  a m istake to  suggest th a t these w id e ly  v a r ia n t  
products o f  long and v a rie d  t ra in in g  experiences a r is e  from a common 
sto ck . M ethodologies c u rre n tly  being used perm it on ly  glim pses a t 
is o la te d  aspects of the phenomena of in te r e s t .
1 .2  WHAT DO UE KNOW ABOUT NOVICE PROGRAMMERS?
Much of what we a lread y  know about e i th e r  novice or exp ert computer 
programmers can be summarized in the b r ie f  s ta tem ent: e x p e rts  know more
than novices, and what they know is  b e t te r  o rgan ized . = Th is  is  c le a r ly  a
low le v e l of e x p la n a tio n . The hypothesis is  p re c is e ly  s ta te d  by Mayer 
(1 9 8 1 ):
O  Wh.t CO exports  Know about o o r^u ter programming th a t
beginners do not know? One answer is  th a t exp erts  possess 
much more in fo rm ation  and th a t the in fo rm atio n  is  organized  
more e f f i c i e n t l y .
To vary ing  degrees, models o f novice programmers a re  'know  
n o th in g ', or 'empty head' models. They s tre s s  what knowledge jthe novice  
has not g o t. According to one in v e s tig a to r  -  (Adelson, 1981) -  novices ; 
have not got ' fu n c t io n a l '  o rg a n iza tio n s  o f  programming knowledge. 
According to  o thers  -  (McKeithen e t a l . ,  1981) -  novices have not yet 
acquired the conceptual chunks th a t exp erts  are  shown to possess. A
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th ird  model -  (Solouoy e t a l . ,  1982; E h r lic h  & Soloway, 1982) -  is  
based on the novices lack  o f  ' t a c i t  p lan  k n o w l e d g e ' . T o  be f a i r ,  a l l  
the above named researchers  do a t t r ib u t e  some knowledge as being in s id e  
the heads of novice programmers, but the s tre s s  in  the f i r s t  two s tu d ie s  
is  put on what exp erts  can do and know, and, a t le a s t by im p lic a t io n ,  
what n o v ic e 's  cannot do and have yet to le a rn . Adelson p o rtra y s  novices  
as being f ix a te d  a t the s y n ta c tic  stage of programming knowledge. Th is  
stage ap p aren tly  la s ts  over a co ns iderab le  period  of tim e: the
'n o v ic e s ' s tud ied  by Adelson d i f f e r  g re a t ly  in the amount o f experience  
they have w ith  programming, but experience doesn 't seem to do them much 
good. The process o f  becoming an e x p e rt, according to  A delson 's  
r e s u lts ,  is  more l i k e  a metamorphosis than a g rad u a l. process. :
McKeithen e t a l .  p o rtra y  novices as fre e in g  them selves, o r th e ir  
newly acquired programming concepts, from common language a s s o c ia tio n s  
and g ra d u a lly  acq u irin g  the domain s p e c if ic  meanings o f those concepts. 
The t ra n s it io n  from b e g in n e r's  s ta tu s  to th a t o f e x p e rt, in d ic a te d  by 
M cKeithen's r e s u lts ,  is  very  d if fe r e n t  from th a t suggested by Adelson.
The s in g le  serious  attem pt to  a t t r ib u te  d e ta ile d  knowledge to  
novices -  even though the knowledge is  assigned to them by d e fa u lt  (see  
below) -  is  th a t of Soloway and h is  group a t Y a le . They show th a t a 
meaningful task l ik e  e x tra c t in g  in fo rm atio n  from dn incom plete program, 
and using the e x tra c te d  in fo rm atio n  in com bination w ith  t h e i r  own 
knowledge to f i l l  in the m issing l in e s  o f the program, ex p e rts  do very  
w ell by comparison w ith  n o v ic e s .: But, of course, as the Soloway group 
p o in t o u t, the exp erts  have had a lo t  more p ra c tic e  a t th is  than have 
the novices. The focus in  th e ir  s tu d ie s  is  on what p r a c t it io n e r s  a t any
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s k i l l  le v e l are  capable of ach iev ing  and what e x a c tly  they do know. The 
approach invo lves working out in  some d e ta i l  the k ind  of knowledge a 
programmer must have in o rder to  achieve a c e r ta in  programming e f f e c t ,  
and then te s t in g  to  see how many programmers, of whatever le v e l of 
s k i l l ,  can achieve th a t e f f e c t .  In s h o rt,, i f  a person can so lve  a 
problem re q u ir in g  a p a r t ic u la r  p iece  of knowledge, then th a t person (by 
d e fa u lt )  must possess th a t knowledge.
There is  an in te re s t in g  re la t io n s h ip  between the power o f  the  
various  models of the novice programmer and the  k ind  o f experim ental 
work done to  in v e s tig a te  them. A f a i r l y  m eaningless task produces a 
weak, almost c e r ta in ly  in accu ra te , or m islead ing  model o f what the
novice is  l ik e  (A delson). A somewhat more se n s ib le  task a t le a s t. : ,
confirm s our s im plest in tu it io n s  about the growth of knowledge 
(M cK eithen ). And a task th a t is  re le v a n t to the usual occupations o f 
both novice and expert: programmers is  most: revea l ing o f a l l  (Soloway) .
Adelson (1981) used a m u l t i t r ia l  f re e  re c a ll:  ta s k  (MFR) in  o rd er to  
induce the u n derly ing  o rg a n iza tio n s  o f knowledge o f her su b jec ts  from  
( 2 )  th e ir  performance on the ta s k . Adelson presented su b jec ts  w ith  16
scrambled l in e s  of FPU code from th ree  s tru c tu re d  s o r t in g  ro u tin e s .  
S u b jec ts , both novices and e x p e rts , viewed each o f th e  16 l in e s  of code 
fo r  20 seconds and when a l l  16 l in e s  had been seen they were given e ig h t  
minutes to r e c a ll  a l l  they cou ld . Then a second t r i a l  was begun. In  
a l l ,  su b jects  went through e ig h t such t r i a l s .  Adelson was ab le  to  show 
th a t in the end experts  re c a lle d  to g e th er the l in e s  th a t belonged 
to g e th er in one or another o f the o r ig in a l th ree  s o rtin g  ro u tin e s . 
Novices re c a lle d  l in e s  by s y n ta c tic  c lass .: Adelson argues th a t the
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exp erts  use "program membership as a bas is  fo r  the in c lu s io n  and 
exc lus ion  o f item s". E s s e n t ia lly , what exp erts  have is  an 
h ie r a r c h ic a l ly  organized set of r e la t io n a l  in fo rm atio n  s tru c tu re s , or 
schemas, and i t  is  these fu n c tio n a l s tru c tu re s  th a t g ive  exp erts  t h e ir  
advantage over novices on a wide range of tasks . In a r e c a l l  task such 
as th is ,  exp erts  are  presumed to  use t h e ir  knowledge of (v a rio u s )  
s o rtin g  ro u tin e s  fo r  a s s im ila tio n  of the various  l in e s  o f code, a llo w in g  
them not on ly  to determ ine which l in e s  'go to g e th e r' but a lso  to  
determ ine the c o rre c t o rder o f  th e  l in e s  w ith in  each program. Novices, 
on the o th er hand, have acquired some knowledge o f  the syntax o f the  
language, and organ ize  the presented m a te ria l in terms of s y n ta c tic  
c lass  membership. The e x p la n a tio n , in o th er words, is  th a t exp erts  know 
more, and what they know is  b e t te r  o rgan ized . The e x p la n a tio n  is  one 
v a r ia n t on the summary statem ent quoted from Mayer, above, and 
c o n s titu te s  what would sim ply be a g lo b a l, or d e s c r ip t iv e  -  non 
exp lan ato ry  -  statem ent under a problem so lv in g  model.
Adelson's re s u lts  po in t to  two d is t in c t  c lasses  o f programmers: 
the 'h a v e s ' (e x p e rts ) and the 'have n o ts ' (n o v ic e s ). Adelson p rovides a, 
long cata logue o f d iffe re n c e s  between novices and e x p e rts , in c lu d in g :  
amount th a t was re c a lle d  as a re s u lt  o f the experim ental m an ip u la tio n s , 
degree of s u b je c tiv e  o rg a n iz a tio n , and manner o f o rg a n iz a tio n .
A delson's novices included tra in e e s  w ith  d i f fe r e n t  amounts o f  
experience . One group, the 's h o r t - te rm ' novices, were 'c u r r e n t ly  
e n ro lle d  in th e ir  f i r s t  course in  programming'; the 'lo n g -te rm ' novices  
had completed ' more than two programming c o u rs e s '. Even so, the 
long -term  novices behaved e x a c tly  as the s h o rt-te rm  novices on the 
r e c a l l  task -  experience doesn 't count fo r  much in  PPL programming.
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F u rth e r , as a lre a d y  in d ic a te d  above, the re s u lts  suggest th a t the  
t r a n s it io n  from novice to  expert is  more a metamorphosis than a gradual 
a c q u is it io n  of s k i l l : :  , Adelson was unable to id e n t i fy  any p o in t a t which 
novices might be g a in ing  competence in programming.
The fin d in g  th a t long -term  novices s t i l l  behave l i k e  abso lu te  
beginners may have something im portant to  say about the teach ing  of 
these novices. A more l i k e l y  exp lan a tio n  is  th a t the task d isgu ises  
what novices know, ra th e r  than re v e a ls  th e ir  knowledge o f programming.
I t  is  inconceivab le  th a t these novices are  ab le  to  w r ite  on ly  one l in e  
programs, as suggested by these re s u lts  (as indeed Adelson h e rs e lf  
suggests in her comparison of novices and e x p e rts , p. 4 3 1 ).
An examinât ion of the code presented in A delson 's exper iment shows 
th a t the param eter and lo c a l v a r ia b le  names fo r  each of the th ree  
programs a re  d i f f e r e n t ,  and th a t each l in e  of each d if fe re n t;  program  
conta ins  e ith e r  th e  param eter name or one of the lo c a l v a r ia b le  names, 
and these are fe a tu re s  presumably used e x te n s iv e ly  by the exp erts  in  
determ in ing  Which lin e s  of code belonged to which programs. For 
novices, understanding a l in e  of code, and i t s  re la t io n s h ip s  to  o thers  
invo lves reasoning ra th e r  than re c o g n it io n . T h e ir  set task  was not to  
reason about th e  1 ines presented , but to commit them to memory fo r  la t e r  
r e c a l l .  The fa c t th a t they use s y n ta c tic  c la s s  as an o rg a n iz in g  
p r in c ip le  in commiting the 16 lin e s  of code to memory should not 
preclude th e ir  a b i l i t y  to see o th e r p o ss ib le  o rg an iz in g  p r in c ip le s .  In
order to d iscover what: a b i l i t i e s  the novices a c tu a lly  do possess,
Adelson might p r o f i ta b ly  have asked her novices, once th ey  had completed: 
the MFR ta s k , i f  they knew any o th er ways in which the s tim u lu s  set
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could have been o rg an ized . Soloway has shown th a t novices -  even 
's h o r t- te rm  nov ices ' -  have a s o p h is tic a te d  a b i l i t y  to work w ith  
v a r ia b le s  which suggests th a t A delson's novices, even i f  they had not 
reco n stru cted  the programs as o r ig in a l ly  w r it te n , should be ab le  -  using  
v a r ia b le  names as ind ices -  to  in d ic a te  which l in e s  belonged to  
d if fe r e n t  programs. In Soloway's study (see below) novices had to  in fe r  
the purpose o f the code th a t was presented in  o rder to f i l l  in  the  b lank  
l in e s , in d ic a tin g  th a t novices are capable of understanding p re v io u s ly  
unseen programs, and so, presumably, Adelson's novices a lso  could  
in d ic a te  in some general way the behaviour of the programs th a t re s u lte d  
from th e ir  re -o rg a n iz a t io n  (had re o rg a n iza tio n  been p e rm itte d ) o f th e ir  
re c a l l  o rd ers . A d m itted ly , the a b i l i t y  of novices to recogn ize  p o ss ib le  
orderings o th er than those a c tu a lly  produced is  h y p o th e tic a l. But i f  
the a b i l i t y  had been shown to e x is t  -  which is  l i k e l y ,  g iven Soloway's  
re s u lts  -  then the fa c t th a t exp erts  a re  ab le  to  u t i l i z e  h ig h er o rder  
knowledge in  co n d itio n s  where novices cannot, even though they have i t ,  
ra is e s  some im portant issues about the 'd if fe re n c e s '/b e tw e e n  members o f 
groups a t d i f fe r e n t  s k i l l  le v e ls . For in s tan ce , i f  both novices and 
exp erts  'h a v e ' the same knowledge, what e x a c tly  a re  th e  v a r ia b le s , in  a 
c u rren t s itu a t io n ,  th a t prevent one group from using th is  knowledge?
What are  the  causes o f the e f f e c t s  of  these v a r ia b le s ?
Another study in v o lv in g  no v ice , in te rm e d ia te  and expert programmers 
is  th a t by McKeithen, Reitman, Reuter & H i r t l e  (1 9 8 1 ), McKeithen e t a l . ,  
use the fa m il ia r  technique of f i r s t  dem onstrating r e l ia b le  d if fe re n c e s  
between groups of su b jec ts  on one kind  o f  task -  and then a ttem p tin g  to  
demonstrate or in d ic a te  the und erly in g  'cau ses ' o f  the observed 
d iffe re n c e s  from the re s u lts  of a second ta s k . McKeithen e t a l .  begin
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w ith  a dém onstration th a t th ere  are  s t a t i s t i c a l l y  s ig n if ic a n t  ; 
d iffe re n c e s  between the performance o f  expert programmers, 
in te rm e d ia te s , and beginners in r e c a l l in g  an u n fa m ilia r  program, a f t e r  
b r ie f  periods of v iew ing the program. T h e ir  ex p la n a tio n  fo r  the 
d iffe re n c e s  is  -  again  -  in terms of the g re a te r  amount o f in fo rm atio n  
the expert has and the o rg a n iza tio n  o f th is  g re a te r  amount o f  Knowledge. 
Experts are  conceived to have 'chunked' th e ir  knowledge, and e lem entary  
chunks are  in te g ra te d  to g eth er in to  h ig h er o rder chunks (a t  th is  le v e l ,  
the exp lan a tio n  is  no d i f fe r e n t  from A delson 's , described  above). The 
more chunks a person has, and the b e tte r  s tru c tu re d  those chunks, the  
less  problem s o lv in g  re q u ire d  of the  person perform ing on a p a r t ic u la r  
task in the domain in which he is  knowledgable. I t  is  the same 
exp lan a tio n  used by Chase & Simon (1973) to e x p la in  the performance o f  
chess masters in id e n t ify in g  meaningful c o n fig u ra tio n s  of p ieces on a 
chessboard. McKeithen e t a l .  tes ted  the hypothesis using a m u lti t r i a l  
fre e  r e c a l l  ta s k . Subjects  of d i f fe r e n t  a b i l i t y  le v e ls  were asked to  
memorize a l i s t  of A lg o l-U  key-words and, when su b jec ts  were ab le  to  
r e c a l l  the l i s t  of concepts tw ice in succession w ithou t e r r o r ,  the data  
c o lle c t io n  phase of the experim ent began. S ubjects  then re c a lle d  a l l  
the concepts over a number o f  t r i a l s ,  each of which began from a 
d if fe r e n t  element of the le a rn in g  s e t;  every element o f the set served  
as a s ta r t in g  po in t over 21 t r i a l s .  There were a lso  a few t r i a l s  
in te rsp ersed  in which su b jec ts  re c a lle d  from any s ta r t in g  p o in t w ith in  
the set th a t they themselves chose. From the e n t ir e  se t o f r e c a l l  
orders the s u b je c ts ' s u b je c tiv e  o rg a n iza tio n s  of th e  concepts were 
d erived  and;represented  as d ire c te d  graph s tru c tu re s  using the Reitman & 
Reuter d ire c te d  tre e  a n a ly s is  technique (Reitman & R eu ter, 1980).
oo
PAGE 1-10
M cKeithen's re s u lts  in d ic a te  th a t experts  Know more or less  the  
same th in g s , and Know them in the same way (many chunks a re  shared) 
whereas the novices know less  and what they know is  id io s y n c ra t ic  ( few 
chunks are  sh ared ). M cKeithen's in te rm ed ia tes  shared programming 
knowledge w ith  exp erts  more than w ith  one an o th er. That is ,  exp erts  
tend to  r e c a ll  to g eth er concepts th a t fu n c tio n  to g eth er in  a program -  
UHILE-DO, fo r  example -  whereas everyday asso c ia tio n s  determ ine which 
concepts in te rm ed ia tes  and to  a le s s e r ex ten t novices and exp erts  w i l l  
re c a l l  to g e th e r . M cKeithen's re s u lts ,  however, a lso  revea l a number o f 
s im i la r i t ie s  amongst the th ree  groups s tu d ie d . For exam ple, the amount 
and depth of o rg a n iza tio n  was the same fo r  a l l  groups, i . e . ,  amount and 
depth of o rg a n iza tio n  of domain s p e c if ic  conceptual knowledge is  
in v a r ia n t over a lengthy le a rn in g  period  such as th a t governing the  
t r a n s it io n  from novice to  expert s ta tu s .
I t  is  of course not s u rp ris in g  th a t exp erts  in  the McKeithen study, 
know more than novices most of the concepts included in  the r e c a l l  1 is t  
would not have been introduced to  novices :in terms of th e ir  meanings in  
A lg o l-U  programming (th e  novices were in the f i r s t  week of t h e ir  f i r s t  
programming course) so everyday asso c ia tio n s  are  a l l  th a t novices have 
as a means of o rg an iz in g  the m a te r ia l.  The value o f the experim ent is  
the in d ic a tio n  i t  g ives of the way th is  i n i t i a l  o rg a n iza tio n  changes 
over the d u ra tio n  o f a s in g le  course in programming.; At the end o f 
th e ir  f i r s t  programming course, th e  novices in the McKeithen study have 
begun to acqu ire  some of the chunks of the exp erts  (w hich, l ik e  
Soloway's f in d in g s , and u n lik e  A delson 's , in d ic a te s  a gradual , 
a c q u is it io n  of knowledge ra th e r  than a sudden re s tru c tu r in g  on ly  a f t e r  a 
very lengthy le a rn in g  p e r io d ) .
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An e n t i r e ly  d i f fe r e n t  approach to  the study o f  n o v ic e /e x p e rt  
knowledge s tru c tu re s  has been taken by Soloway's group. They argue 
(E h r lic h  & Soloway, 1982) th a t experts  have t a c i t  p lan  knowledge -  
s c r ip t  l ik e  re p re s e n ta tio n s  of th e 's te re o ty p ic  ac tio n s  in  programs -  r I 
which is  developed from long programming experience . Since the  
knowledge is  t a c i t ,  experienced programmers wouldn t be expected to be 
ab le  to s p e c ify  e x a c tly  what knowledge they were using in  so lv in g  
problems. This being the case, Soloway's group have crea ted  schema l ik e  
re p re s e n ta tio n s  fo r  some of the knowledge -  e . g . , v a r ia b le  plan  
knowledge -  based on th e ir  in tu it io n s  about what in fo rm atio n  must be 
contained in t a c i t  p lan s . They then use the plans as a bas is  fo r  
d ev is in g  programs having one or more blank l in e s , which programmers o f  
d if fe r e n t  le v e ls  of experience are  asked to study and f i l l  in . Experts  
are s ig n if ic a n t ly  b e t te r  a t f i l l i n g  the  blanks w ith  a p p ro p ria te  program  
statem ents . One exp lan a tio n  fo r  the re s u lts  is  th a t the exp erts  have 
the s p e c if ic  knowledge contained in the t a c i t  p lans devised by the 
in v e s tig a to rs . Presumably, by ex ten s io n , those novices who so lve the 
p a r t ic u la r  problems solved by e x p e rts , share a fragment o f t a c i t  
knowledge w ith  exp erts  -  the fragment (o r p lan ) necessary to so lve  the  
(2 ^  p a r t ic u la r  problem. To be f a i r  to  them, E h r lic h  & Soloway do not
s p e c if ic a l ly  c la im  th a t novices and experts  share a p a r t ic u la r  t a c i t  
plan  i f  they can so lve the same problem. Indeed, in  th e  in tro d u c tio n  to  
th e ir  paper they c la im  to be in  the business o f  id e n t ify in g  " s p e c if ic  
knowledge, which experts  seem to have and use, and which novices have not 
yet acq u ired " . Y e t, in the body of the paper they say o f one ; 
experim ental r e s u lt :  " . . . o u r  data suggest; th a t non-novice programmers
have no d i f f i c u l t y  in re c o g n iz in g  th a t the Counter V a ria b le s  need to  be 
i n i t i a l i z e d  v ia  an assignment s ta tem en t, . . . .  Thus they performed as i f
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they d id  understand the re la t io n s h ip  between i n i t i a l i z i n g  and updating  
Counter V a r ia b le s . The data  a ls o  suggest th a t most, but by ho means 
a l l ,  of the novices a lso  understand th is  r e la t io n s h ip ."  Whatever the  
p rec ise  natu re  of the argument might tu rn  out to  be, th e  re s u lts  o f one 
of the s tu d ies  presented in  th is  th e s is  in d ic a te s  th a t th ere  are  
programming problems which both novices and experts  could s o lv e , but 
th a t the s o lu tio n s  would be based in e n t i r e ly  d i f fe r e n t  Knowledge bases 
(see Chapter 4 ) .  The lesson to  be learned  from the experiment: to  be 
discussed la t e r  in th is  th e s is  is  th a t a group of so lv e rs  should not be 
a t t r ib u te d  knowledge s tru c tu re s  by d e fa u lt ,  as would seem to be the case 
in the E h rlic h  & Soloway s tudy . The major, problem w ith  the study is  
th a t the focus of a t te n t io n  is  s t i l l  on the e x p e rt, the o b jec t is  to  
s p e c ify  p lan knowledge re la te d  to  e x p e r t is e . In  o rder to d iscover what 
knowledge novices a c tu a lly  have, experim ents should be designed which 
have novices a t the cen tre  of a t te n t io n .
F in a l ly ,  o th e r research in to  the behaviour of computer programmers 
e ith e r  deals  on ly  w ith  e x p erts  (Brooks, 1977; Schneiderman, 1982) or 
w ith  d iffe re n c e s  between novices and exp erts  on is o la te d  processes 
( J e f f r ie s ,  1982). T h e ir  models w i l l  be discussed a t re le v a n t p o in ts  in  
the Chapters th a t fo llo w .
SUMMARY: The framework in which recen t in v e s tig a tio n s  o f  novice
computer programmers has been c a rr ie d  out has provided us w ith  some 
va lu ab le  in fo rm atio n  about some of the knowledge exp ert computer 
programmers have, and how th e ir  knowledge is  o rg an ized . However, the  
re s u lts  a re , a t b e s t, only suggestive of the knowledge novices have; 
arguments have been put fo r th  showing th a t there  a re  problems :with
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accepting  the fin d in g s  a t face v a lu e . A l l  the s tu d ie s  presented in  th is  
th e s is  have as th e ir  goal the  s p e c if ic a t io n  of the knowledge which 
novices posses. There are  a lso  attem pts to  compare and co n tras t th is  
knowledge wi t h the knowledge o f experts ,: but these attem pts  are  always , 
made w ith  an eye towards s p e c ify in g  what i t  is  th a t novices know.
1.3  AN INTRODUCTION TO SOLO PROGRAMMING :
F a m il ia r i ty  w ith  some o f th e  SOLO programming language is  
p re re q u is ite ; fo r  an easy understanding o f many o f the experim ents and 
the discussions contained in th is  th e s is . ; I s h a ll in troduce the SOLO 
p r im it iv e s  in  term s o f  program 'segm ents' the main groupings o f 
program statem ents in to  which s tu d e n ts ' programs can be analysed . The
notion  of program segments which have th e ir  own stereo typed  behaviour is  
d erived  from the work of Rich & Shrobe (1978) and Waters (1 9 8 2 ).
Indeed, some of the term inology below is  based on the 'p la n  l ib r a r ie s '  
which R ich , Shrobe, and Waters have p o s ited  to be p a rt o f the r e p e r to ire  
of experienced LISP programmers. Although SOLO novices can not 
n e c e s s a rily  a r t ic u la t e  the n atu re  o f these program segments,; the  
segments are  c le a r ly  e x h ib ite d  in many nov ices ' programs as we s h a ll see 
below.
There are  on ly  a handful of p r im it iv e s  in SOLO. A b r ie f  
d e s c rip tio n  o f th e ir  fu n c tio n s  and t h e ir  im plem entation in  SOLO w i l l  be
given in th is  sect ion.: T h ^  language is  described in d e ta i l  in  a
' ^  .
p u rp o s e -w ritte n  Programming Manual (E is e n s ta d t, 1978), and the design  
fe a tu re s  which make i t  p a r t ic u la r ly  s u ita b le  fo r  novices are  described
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in (E is e n s ta d t, 1982).
SOLO is  a database m an ipu lation  language u t i l i z in g  a sm all number 
of p r im it iv e s  fo r  accessing, adding and d e le t in g  u n id ir e c t io n a l ,  
a s s o c ia tiv e  t r ip le s  of. the form 'node— r e la t  ion— n o d e ', e . g . :
JOHN ISA MAN
:
FIDO HAS FLEAS.
1. 3 . 1  S id e -E ffe c t  segments: using NOTE and FORGET v
A t r i p l e  may be added to the database us ing  th e  p r im it iv e  NOTE,
" e . g . :
NOTE JOHN LOVES MARY 
NOTE JOHN SMOKES CIGARS 
NOTE JOHN OWNS FIDO
o
e x is te d  in the database, the a d d itio n s  would g iv e  the fo llo w in g  
database:
JOHN ISA MAN •
...LOVES...M ARY  
. . .SMOKES.. .CIGARS
I . . .OWNS. . .FIDO 
FIDO ISA DOG
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D e le tio n  from the database is  e ffe c te d  w ith  the FORGET p r im it iv e ,
e . g . :
FORGET JOHN LOVES MARY 
the re s u lt  o f which would be the database:;
JOHN ISA MAN 
I /
1...5MOKES...CIGARS  
:
1 ...0W N S ...F ID O  
FIDO ISA DOG
Both NOTE and FORGET have s id e -e f fe c ts  on the e x is t in g  database, 
and as such are  re fe r re d  to , when they a re  used in programs, as 
'S id e -e f fe c t  segments';. These segments may be e ith e r  'c o n d it io n a l '  
(C o n d itio n a l s id e -e f fe e t  segments) or 'u n c o n d it io n a l' (U ncond itional 
s id e -e f fe e t  segm ents), as exp la ined  below.;
1 . 3 . 2  The C ond itio n a l segment: using CHECK
SOLO c o n d itio n a ls  perm it branching in a program and are  implemented 
w ith  the p r im it iv e  CHECK. The framework of a CHECK segment is  th is :  
CHECK < t r ip le >
I f  P resent: <ac tio n  1> ; CONTINUE or E X IT  
I f  Absent: <ac tio n  2>; CONTINUE or EXIT
The programmer is  a u to m a tic a lly  cued wi t h the ' I f  P re s e n t' prompt a f t e r
he has w r it te n  'CHECK < t r ip le > '  fo llow ed  by a c a rr ia g e  re tu rn .; Each
branch can c a rry  one in s tru c tio n  (n es tin g  of CHECKs is  not p e rm itte d )
and must co n ta in  a f l ow of  co n tro l statem ent -  e i th e r  'CONTINUE' o r
'E X IT '.  I f  one of these does not appear b efo re  a c a rr ia g e  re tu rn , the
oo
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programmer is  prompted wi t h a message to produce one.
An example use o f  the use of CHECK is  th is .  Suppose we wanted to  
make the in fe ren ce  th a t i f  some person P smokes c ig a rs , th a t person is  
unh ea lth y , but otherw ise the person is  okay.
The p r im it iv e  'TO ' a llow s us to  d e fin e  a procedure in  SOLO. In  
order to d e fin e  a procedure c a lle d  'HEALTHASSESS' w ith  one param eter, we 
would w r ite :
TO HEALTHASSESS / X / .
The f i r s t  step  o f  the procedure, using the CHECK statem ent 
described above, would be:
1 CHECK / X /  SMOKES CIGARS
lA I f  P resent: NOTE / X /  IS UNHEALTHY; EXIT
IB I f  Absent: NOTE / X /  IS OKAY; EXIT
The end of a procedure d e f in i t io n  is  in d ica ted  w ith  the p r im it iv e
'DONE'. The e n t ir e  procedure, th en , would be:
TO HEALTHASSESS / X /
1 CHECK / X /  SMOKES CIGARS 
lA I f  P resent: NOTE / X /  IS UNHEALTHY; EXIT  
IB I f  Absent: NOTE / X /  IS OKAY; EXIT 
DONE
The nodes in a CHECK statem ent may a lso  be v a r ia b le s . Wi1d -card  
p a tte rn  matching is  allow ed on the r ig h t  hand node o n ly , the s p e c ia l 
w ild -c a rd  symbol being "?".  I f  a p a tte rn  is  found in  the database th a t  
matches, the value o f the r ig h t  hand node iis  then a u to m a tic a lly  bound to  
the symbol (s ta r  v a r ia b le ) ,  which can then be re fe r re d  to  in
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subsequent processing.! For example, suppose we wanted to  c re a te  a 
procedure c a lle d  'INFORM', which to ld  us, fo r  some : 'X ', the va lu e  o f t h e  
node lin k e d  to  'X ' v ia  the ' I SA'  r e la t io n  -  i f  any. Ue could w r ite :
TO INFORM / X /
1 CHECK / X /  ISA ?
lA I f  P resent: PRINT / X /  "HAPPENS TO BE A" EXIT
IB I f  Absent: PRINT " I DON'T KNOW UHAT" / X /  " I S.  SORRY"; EXIT
DONE
o
I f  our database contained on ly  the fo llo w in g  t r ip le s :
F I DO. . . I SA. . .DOG
I  ^ ■
I  EATS...MEAT
and we ran 'INFORM' w ith  'F ID O ' as the value of the p a ra m e te r/ then *  
would be bound to  DOG.i The re s u lt  o f running the procedure would be the 
p r in te d  s tr in g :
FIDO HAPPENS TO BE A DOG
I f ,  on the  o th er hand, we ran 'INFORM' w ith  'ROVER' as the va lue  o f 
the param eter we would get the p r in te d  s tr in g :
I DON'T KNOW UHAT ROVER IS . SORRY, 
because the p a tte rn  match would f a i l  and the ' I f  Absent' branch o f the  
c o n d itio n a l statem ent would be taken .
1 . 3 . 3  The C onditionali s id e -e f fe c t  (CSE) segment:? combining NOTE and CHECK
The c o n d itio n a l s id e -e f fe c t  segment adds (d e le te s ) t r ip le s  
c o n d itio n a l upon the presence (absence) o f  another t r ip le  (o r : 
c o n fig u ra tio n  of t r ip le s )  in the database. That is ,  in  o rder to  add the
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in fe ren ce  th a t some 'X '  is  g u i l t y  i f  'X '  is  a b u rg la r , the SOLO 
programmer could w r ite  a program c a lle d  'GUILTASSESS' such as th is ;
TO GUILTASSESS / X /
CHECK / X /  ISA BURGLAR
I f  Present: NOTE / X /  IS GUILTY; EXIT
I f  Absent: EXIT
DONE
1 . 3 . 4  The Generate Next O bject 8. S e lf  (GNO/S) segment
(^2^ Generate Next O bject and S e lf  is  the name given to  a segment o f
program designed to t r ig g e r  re c u rs io n , and co n ta in s  two p a r ts . The 
'G enerate  Next O b je c t' p a rt of the segment? uses w ild -c a rd  
p a tte rn -m atch in g  to  generate  successive nodes from a database fo r  the  
procedure to operate  upon, and the ' S e l f '  p a rt takes the name of the  
procedure being used re c u rs iv e ly . For example, suppose we wanted a 
procedure, c a lle d  'IN F E C T ', which gave ' f l u  to some a r b i t r a r y  node, and 
then spread the  in fe c tio n  to a l l  nodes along a chain  of 'KISSES' 
re la t io n s .  The nodes lin th is  chain  w i l l  be re fe r re d  to  throughout the  
th e s is  as a Chain R e la tio n  L i s t .  Ue could w r ite :
o TO INFECT / X /
NOTE / X /  HAS FLU 
CHECK / X /  KISSES ?
I f  P resent: INFECT * ;  EXIT
I f  Absent ; EXIT
DONE
Given the database:
JOHN.. . .  ISA MAN
I
I . . . . . . K I S S E S  MARY
MARY.. . .  I SA. . . .WOMAN 
I
I  KISSES. . .  .T IM
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O
TIM ___ ISA_____ MAN :
and the 'INFECT' procedure, the re s u lt  of running the program w ith  
'JOHN' as the va lu e  of the param eter, would be the fo llo w in g : ;
JO H N .....IS A ....M A N  :
 KISSES....MARY
 H A S ....FLU
MARY. . . . I SA. . . .WOMAN
 KISSES TIM
 ..HAS FLU
TIM ___ ISA--------MAN
I
I  H A S ....FLU
o
That is ,  a t the f ir s t :  step  o f ' INFECT' the s id e -e f  f ect: on '  JOHN' 
would occur. The database con ta ins  'JOHN KISSES MARY', so a t s tep  2 *  
would be bound to 'MARY' and a t step  2A a re c u rs iv e  c a l l  to  the 'INFECT' 
procedure, w ith  'MARY' as the param eter va lu e , would be tr ig g e re d . The 
same process would occur fo r  'T IM ',  a f t e r  which the program would be 
term inated  (s tep  2 B ).
1 . 3 . 5  The FILTER segment
A FILTER is  a sp ec ia l type o f C o nd itiona l segment, and is  used to  
detach one of the nodes from a Chain R e la tio n  l i s t .  The idea -is to  
t r e a t  the f i l t e r e d  node s e p a ra te ly  from the o th er nodes on the Chain 
R e la tio n  l i s t .  We w i l l  be concerned w ith  FILTERS th a t a re  used as a 
c o n d itio n  fo r  t r ig g e r in g  a subprocedure. Suppose,: fo r  example, we 
wanted to w r ite  an 'INFECT' program which spread i l ln e s s  along a chain
oo
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of nodes having a 'K ISSES' l in k ,  but on ly  i f  the o r ig in a l  param eter 
a lread y  has a d isease . Lie could w r ite  a FILTER program which tes ted  fo r  
disease on the o r ig in a l node, and a subprocedure which spread in fe c t io n  
re c u rs iv e ly . C a ll the FILTER procedure 'DISEASETEST' and the  
subprocedure 'IN F E C T '. Ue would w r ite :
TO DISEASETEST / X /
CHECK / X /  HAS DISEASE
I f  Present: INFECT /X / ;  EXIT
I f  Absent : EXIT
TO INFECT / X /
1 NOTE / X /  IS ILL
2 CHECK / X /  KISSES .?
2A I f  P resent: INFECT * ;  EXIT
2B I f  Absent: EXIT
DONE
The reader is  l e f t  to s im u la te  the behaviour o f the program -  g iven  
the database fo llo w in g  th is  sentence -  to  te s t h is  understanding o f the  
SOLO language from the in tro d u c t ion provided h ere .
JOHN------ISA. ...MAN •:
I
 HAS DISEASE
 KISSES MARY
MARY------ ISA WOMAN
!
I ............K ISSES.. .  .T IM
TIM  ISA MAN
The reader is  in v ite d  to p re d ic t what would happen i f  we now typed  
in DISEASETEST JOHN.
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1 .4  SUMMARY OF THE STUDIES REPORTED IN THIS THESIS -
An overview  of the experim ental tasks and s im u la tio n  models th a t  
are to be discussed in d e ta i l  w ith in  the next seven C hapters of the  
th e s is  is  presented below. The fo llo w in g  in fo rm atio n  is  provided fo r  
each task:
1) a b r ie f  d e s c rip tio n  o f the ta s k , and an overview  of the  
f in d in g s ;
2) the S ub jects;
3) the data th a t was used fo r  a n a ly s is ;
4) the analyses th a t were c a rr ie d  out;
The novices were a l l  students tak in g  the th ir d  le v e l course 
'C o g n it iv e  Psychology'. (The course w i l l  h e re a fte r  be re fe r re d  to  as 
'D 3 0 3 ', which is  the Open U n iv e rs ity  course number fo r  'C o g n it iv e  
P sych o lo g y '.) They a lso  a l l  acted as S ub jects  in  o th e r tasks th a t are  
o u tlin e d  below. The exception  (S8) was a new post-g rad u ate  student a t
the Open U n iv e rs ity , embarking on research  in te x t -s tu d ie s , and had had
no previous programming experien ce . S8 was tre a te d  l ik e  a l l  o th e r  
novice Sub jects: req u ired  to read the course m a te ria l and to perform
a l l  the 'S tudy C en tre ' a c t i v i t i e s  which D303 students are  re q u ire d  to  
perform . The Subjects  are  c a lle d  S5, S6, S7, S8, S9, and S10. The
exp erts  a lso  acted as Subjects  in many o f the tasks o u tlin e d  below,
although i t  was not always p o ss ib le  to use the same exp erts  in  a l l  o f
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Ihe tasKs. The exp erts  are  c a lle d  S13, S14, S15, S IS , S I? , S IS , S19, 
and S20. A il the exp erts  had had experience in tu to r in g  in  the 
a r t i f i c i a l  in te ll ig e n c e  p ro je c ts  a t the D303 summer schools, which 
req u ired  them to help  students design and implement SOLO programs. A ll  
a lso  had programming experience in a t le a s t one o th e r programming 
language.
1 .4 .1  Order out of chaos: a n a ly s is  o f 139 programs
One hundred and t h i r t y  n ine programs which had been designed as 
s o lu tio n s  to  a p a r t ic u la r  programming problem were ana lyzed , and i t  is  
shown th a t d esp ite  g reat su rface  v a r ie ty ,  the programs e x h ib it  
considerab le  und erly in g  o rd e r. S ix ty  f iv e  percent o f the programs can 
be assigned to on ly  f iv e  d if fe r e n t  c lasses  o f programs. These program^ 
are  re la te d  to the problem statem ent in  in te re s t in g  ways. The 
in te rp re ta t io n  o f the data suggest th a t novices experience a lo t  of 
d i f f i c u l t y  making th e ir  programs r e f le c t  the problem models they have in  
th e ir  heads. Moulding data s tru c tu re s  to  program designs is  one 
s o lu tio n  to th is  problem. The p a r t ic u la r  problem is  described  in  d e ta i l  
in Chapter 2 .
SUBJECTS: 139 Open U n iv e rs ity  undergraduates s tudying  a th ir d
le v e l course in C o g n itive  Psychology (Course Number D 303). Nothing i s  
known about the computing (o r any o th e r) background o f  any o f the
DATA: F in a l program.
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ANALYSES: C la s s if ic a t io n  o f data s tru c tu re s . C la s s if ic a t io n  of
program s tru c tu re s .
1 .4 .2  In te rn a l o rg a n iz a tio n : s o rtin g  and re c a l l  o f programming concepts
Concept S o rtin g  and R ecall tasks were used to  induce the novices ' 
mental o rg an iza t ions of programming knowledge. The; im portant if inding  
was th a t th ere  are  no s ig n if ic a n t  d iffe re n c e s  between novices.and an 
(2 )  ' i d e a l '  expert w ith  respect to the und erly in g  o rg a n iza tio n s  of
conceptual (domain re la te d )  knowledge. These are  rep o rted  in  Chapter 3 .
SUBJECTS: S ix  novices and seven exp erts  acted as S ubjects  in the
S o rtin g  task (Novices = S5, S6 , S7, SB, S9 and S10; Experts = S13, S14, 
S15, S IS , S17, S19 and S20); the same s ix  novices and f iv e  exp erts  
(S14, S16, S17, S18 and S20) acted as Subjects  in  the R ecall ta s k .
o
ANALYSES: Degree of a s s o c ia tio n  between the chunks derived  from
the R ecall data  and the chunks from the S o rtin g  d a t a . : A lso, the degree 
of o verlap  between a l t  the Subjects  in the S o rtin g  task  w ith  an ' i d e a l '  
e x p e r t .
1 .4 .3  Mental models of re c u rs io n : a programming q u e s tio n n a ire
A 'Program Q u es tio n n a ire ' was produced and Subjects  were asked to  
in d ic a te  which o f th ree  programs contained in the q u e s tio n n a ire  would 
succeed in  producing a p a r t ic u la r ,  re q u ire d  outcome.: .S ub jects  were a ls o  
asked to s ta te  in th e ir  own words t h e ir  reasons fo r  s e le c t in g  or
oo
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r e je c t in g  each o f the th ree  programs. The nov ices ' mental models o f the  
behaviour of re c u rs iv e  procedures were determ ined from th e ir  s e le c t io n s ,  
and from the p ro to co ls  they provided on the p re d ic te d  behaviour of the  
d if fe r e n t  programs. This experim ent is  rep o rted  in  Chapter 4 .
SUBJECTS: Nine experts  (S13, S14, S15, S16, S17, S IB , S19, S20 and
S21) and t h i r t y  D303 Summer School students who were tak in g  p a rt in  
a r t i f i c i a l  in te ll ig e n c e  p ro je c ts  vo lun teered  to f i l l  in and re tu rn  the  
Q u estio n n a ire . The experts  a l l  had experience o f programming in
languages o th e r than SOLO, w ith  a minimum of a y e a r 's  experience in
'
another language.
DATA : Programs se lec ted  as c o r re c t ly  designed, and as in c o rre c t ly
designed. Comments made by the S ub jects  about the behaviour of the  
programs.
ANALYSES: Subjects responses were c a teg o rized  and the c a te g o rie s
re la te d  to  d i f f e r e n t  models of re c u rs io n . : Comments a lso  were analyzed  
fo r  the l ig h t  they threw on the model of recu rs io n  which in d iv id u a l 
respondents possessed.
1 .4 .4  Perception  of program s tru c tu re :  a t ra n s c r ip t io n  task
In o rder to determ ine the s tru c tu re  perce ived  by novices when they  
were presented w ith  u n fa m ilia r  programs, a t ra n s c r ip t io n  task was 
designed. Subjects were re q u ire d  to tra n s c rib e  a set of programs, each 
of which they were allow ed to view  fo r  ten seconds on each of f iv e
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t r i a l s .  On each t r ia l :  Subjects were re q u ire d  to  use a d if fe r e n t  
coloured pen so th a t the amount of in fo rm atio n  obtained  and remembered 
on each v iew ing  could be a s c e rta in e d . Uhat the expert sees in  the f i r s t  
few seconds of v iew ing an u n fa m ilia r  program is  d i f fe r e n t  from what the  
novice sees. G e n e ra lly , novices e x tra c t  in fo rm atio n  from u n fa m ilia r  : 
programs th e  way they would e x tra c t  in fo rm atio n  from a n a tu ra l language 
te x t -  a l in e  a t a tim e. The e x p e rt, on the o th er hand, sees the  
s tru c tu re  of the program. But th ere  are  exceptions to  both o f  these  
cases. The experiment: is  rep o rted  in Chapter 5
SUBJECTS: S ix  novice and s ix  expert SOLO programmers were used
(Novices = S5, S6 , S7, SB, S9 and S10; Experts -  S13, S14, S15, S16, 
S17, and S 2 0 ).
DATA: The tra n s c rib e d  programs.
ANALYSES: Comparison of novice and expert SOLO programmers on
number of program segments n o ticed ; number of words re c a lle d ;  number 
of com pletions.
1 .4 .5  The re a l world knowledge component of problem s o lv in g
A ll o f the programming problems w ith  which D303 students are  
confronted  are  couched in terms of re a l world events w ith  which they are  
a l l  f a m il ia r .  The 'BULLETHOLE' problem (o u tlin e d  and reviewed in (G ), 
below) has elements th a t were designed to a c t iv a te  the programmer's re a l 
world knowledge, and o th er elem ents th a t were designed to a c t iv a te
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programming Knowledge.: In o rder to  separate  out the in d iv id u a l e f fe c ts
on problem s o lv in g  processes of these d i f fe r e n t  sources o f Knowledge, 
the 'BULLETHOLE' problem statem ent was s tr ip p e d  o f  a l l  s tatem ents th a t 
re fe r re d  to programming, and the s to ry  th a t remained was presented to  
computer na ive  Subjects who were asKed to  read the s to ry  out loud , and 
to  e x p la in  the s to ry  to the e xp erim en te r.- C ategories  o f  verbal response 
to  the s to ry  were id e n t i f ie d  and used to  develop a model o f problem  
so lv in g  fo r  i l l - d e f in e d  problems. The experim ent is  rep o rted  in Chapter
a .
SUBJECTS: F ive  a d u lt v o lu n tee rs  w ith  d i f fe r e n t  backgrounds
(s e c re ta ry , s tu d en t, e t c . )  acted as Subjects  in the experiment:.
DATA: P ro to co ls . . '
ANALYSIS: In -d ep th  a n a ly s is  of one of the p ro to c o ls .
1 .4 .6  The 'p u re  programming' component of: problem s o lv in g
1 .4 .6 .1  An a b s tra c t programming task (1 ) -
In  order to determ ine whether couching programming problems in  
terms of re a l world knowledge a c tu a lly  made the problem more confusing , 
a complement to the experim ent o u tlin e d  above was designed. Here, an 
a b s tra c t vers io n  o f  the 'BULLETHOLE' problem was presented . In e f f e c t ,  
the Subjects were asked to  w r ite  a program fo r  a problem s tr ip p e d  o f the 
s to ry . No one solved the problem.
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SUBJECTS: Nine D303 students vo lun teered  to. ac t as S u b jects .
DATA: Programs designed by the S u b jects .
ANALYSIS: Programs scored as c o rre c t or not c o r re c t , by the
c r i t e r io n  th a t the output of the program should match the output 
re q u ire d  by the problem sta tem ent, no m atter how the program achieved  
the req u ired  r e s u l t .
1 .4 .6 .2  An a b s tra c t programming task (2 ) -
The problem statem ent fo r  the task o u tlin e d  im m ediately above was 
considered to be very d i f f i c u l t  to  understand, and in  o rder to  
circum vent any a r t i f a c t s  of the d i f f i c u l t y  of the problem te x t ,  a 
'c le a r e r '  vers io n  of the a b s tra c t programming problem statem ent was 
provided . The re s u lt  was the same, however: no one solved the problem.
SUBJECTS: 6  D303 students vo lun teered  to act as S u b jec ts .
DATA: Programs designed by the S u b jec ts .
ANALYSIS: Programs scored as correct, or not c o r re c t , by the
c r i t e r io n  th a t the output o f the program should match the output 
req u ired  by the problem sta tem en t, no m atter how the program achieved  
the req u ired  r e s u l t .
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1 .4 .?  Verbal p ro to c o ls : the read ing  phase
An ' in te r a c t io n is t '  theory of problem s o lv in g  by computer 
programmers was devised from the re s u lts  of the experim ents reviewed in
1 .4 .5  and 1 .4 .6  above, and fo rm alized  in  an In te rp re ta t io n  Theory fo r  
scoring  verbal p ro to c o ls . The theory was tes ted  by asking severa l 
novices to  so lve  the 'BULLETHOLE' problem. The Subjects  were ; 
vid eo -tap ed  as they worked on the problem, and the p ro to co ls  th a t were 
thus provided were used as a te s t of the th eo ry . The theory has some 
support from the p ro to co ls  analyzed as a te s t o f the th eo ry . The 
problem so lv in g  th eo ry , the In te rp re ta t io n  Theory, and the a n a ly s is  o f  
the p ro to co ls  a re  rep o rted  in Chapter ?.
SUBJECTS: S ix  novices (S5-S10) were v id eo -tap ed  as they 'th o u g h t
o u t-lo u d ' about the 'BULLETHOLE' programming problem and attem pted to  
solve i t .
ANALYSIS: The p ro to co ls  o f two of the Subjects  were analyzed
according to  the ru le s  of the In te rp re ta t io n  Theory, and the observed  
p a tte rn s  o f  problem so lv in g  behaviour compared w ith  th a t expected under 
the theory .
1 .4 .8  Production system models of the coding p h a s e -
in o rder to make com plete ly  e x p l ic i t  the processes th a t are  pos ited , 
to occur when novices so lve programming problems, a m ajor goal, o f the  
research rep o rted  here is  to devise computer s im u la tio n s  o f  the observed
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behaviour. Th is  goal has not been one hundred percent ach ieved , but d 
s ta r t  has been made. In Chapter 8  o f the  th e s is , a production  system : 
model of the coding and program e v a lu a tio n  phases o f ; one o f the  
experim ental Subjects  (S8 ) is  p rovided . Another production  system which 
was designed as an ideal program im ita t io n  s tra te g y  w i l l  be described ,, 
and the program im ita t io n  behaviour o f another o f the experim ental 
Subjects  (S5) discussed by comparison w ith  the ' i d e a l '  model.
F in a l ly ,  the Epilogue summarizes the accomplishments a r is in g  out of 
the research , and a lso  discusses the shortcomings o f the research and 
p o in ts  a d ire c t io n  fo r  fu tu re  work.
CHAPTER 2
'GUILT BY ASSOCIATION': ANALYSIS OF 139 PROJECT PROGRAMS
o 2 .1  INTRODUCTION: Thé analyses re p o rle d  in  th is  Chapter; luere undertaken  
in  o rder to determ ine ; the e x te n t to  which ho v ices  were ab le  to design  
re c u rs iv e  in fe re n c in g  programs a f t e r  a short p erio d  o f s e l f - t r a in in g  in  
the SOLO programming language.?? Th is  type of program was chosen sim ply  
because i t  was handy: hundreds o f D303 students design such programs
each academic year in  p a r t ia l .  s a t is fa c t  ion of course requ irem ents . On 
the su rface  the programs th a t a re  produced show g rea t su rface  v a r ie ty ,  
and another o b je c t iv e  of the study -  besides try in g  to  determ ine how 
successful the students were -  was to determ ine whether th ere  was order  
u n d erly in g  the myriad su rface  d iffé re n c e s .! A 'G u i l t  By A s s o c ia tio n '
2  J problem was o r ig in a l ly  set as an A r t i f i c i a l  In te l! ig e n c e  p ro je c t fo r
D303 students in  the 1980 academic y e a r. B r ie f ly  s ta te d , the problem  
invo lves w r it in g  a program which operates re c u rs iv e ly  to propagate a 
p a r t ic u la r  in fe re n c e . The e n t ir e  problem statem ent is  g iven in  F igure  
2 .1 ,  a t the end of th is  s e c tio n  o f the c h a p te r. Each l in e  of the  
problem statem ent has been numbered fo r  ease of back re fe re n c e  in  some 
o f the discussions to fo llo w .
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A lto g e th e r, 14? students attem pted the p ro je c t and designed the  
programs and databases which serve as the focus of s tu d ie s  described  in  
th is  c h ap te r. The programs and accompanying databases were c o lle c te d  
from f i l e s  kept on the U n iv e rs ity 's  th ree  main DEC System-20 computers 
In  a l l ,  160 programs were c o lle c te d , but during  an alyses , i t  was 
discovered th a t 13 o f these programs were d u p lic a te s  (cop ies of a 
p a r t ic u la r  s tu d e n t's  program and database came from two d i f fe r e n t  
reg io n a l cen tres ) and the copies were d iscard ed . Of the 14? rem aining  
programs, 8  were judged to  be too long -  up to 19 procedures -  to t r y  to  
analyze using the techniques described in  th is  c h ap te r. A ll o f the 139 
rem aining programs and databases were sub jected  to  a n a ly s is .: :
The programs and ;the accompanying databases ishow g rea t su rface  
d iv e r s i ty .  The analyses described in  th is  chapter were undertaken to  
determ ine w hether, d esp ite  the su rface  v a r ie ty ,  some u n d erly in g  o rd er  
. . e x is te d . : \  :
I t  tu rns out th a t the databases ban be broken down in to  a handful 
of b a s ic , r e la t io n a l  p a tte rn s . The d if fe r e n t  database s tru c tu re s  are  
described in Section  2 .2  below. In  S ec tio n  1 2 .3 .3 3 . the re la t io n s h ip  
j  between p a r t ic u la r  database s tru c tu re s  and c e r ta in  program segments w i l l
be discussed. r  ? -
The programs are ' f in a l v e rs io n s ', i . e . ,  the h is to ry  o f t h e ir  
construct ion , and whether o r not any debugging had been a ttem pted , is  
unknown. S t i l l ,  the programs provide us w ith  a g lobal; p e rs p e c tiv e  on 
novice programming behaviour. Such a w ide-ang le  p e rs p e c tiv e  is  q u ite  
in fo rm ative  in the l ig h t  i t  throws on the g e n e ra lity  o f the conceptual ?
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problems c o n fro n tin g  novice programmers. The re s u lts  o f the analyses  
suggest a model o f w r it in g  and debugging behaviour which w i l l  be 
e lab o ra ted  in  the d iscussion  a t the end o f  Sect ion 2 .3 ,  below .i Bef ore ; 
tu rn in g  to the analyses , the read er w i l l  f in d  i t  in te re s t in g  and 
in s t r u c t iv e  to  read the problem statem ent given in F ig u re  2 . 1 , and to  
design h is  own program fo r  the s ta te d  problem.
; THE 'GUILT BY ASSOCIATION' :
PROBLEM STATEMENT
1) This o p tion  asks you to  exp lo re  the n o tio n  o f  'p ro p a g a tin g ' 
in ferences  through a database (see U n its  3 -4 , pp?8-82>.
2) Suppose th a t SOLO had the fo llo w in g  d e s c rip tio n s  s to red  in  i t s  
database:
LIDDY ; Y' :
1 . . . 15A...BURGLAR
1. . UORKSFOR. .  .HITCHELL I  Î 
MITCHELL
. . . IS A .. .BIGLAUYER 
...UORKSFOR...NIXON  
NIXON
1...15A ...PR ES ID EN T
3) Given the above d e s c rip tio n s ^  can you d e fin e  a procedure c a lle d  
' IMPLICATE' which makes the fo llo w in g  in fe re n c e : i f  someone is  
found to be g u i l t y ,  then whoever th a t person works fo r  is  a lso  
g u i l t y .
4) Here is  how th a t procedure might work:
SOLO;IMPLICATE LIDDY
AHA! I'V E  CAUGHT LIDDY, SO:
LIDDY
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C)
1. . . IS A .. .BURGLAR
■ -I .
1...WORKSFOR...MITCHELL 
I ^
1 .. .1 5 ...G U IL T Y
NOW DOES LIDDY WORK FOR ANYONE? 
AHA! rV E  CAUGHT MITCHELL SO: 
MITCHELL
. . . IS A .. .BIGLAWYER ;; 
...WORKSFOR...NIXON  ^ ;
. . . IS . . .G U IL T Y  
NOW DOES MITCHELL WORK FOR ANYONE?
AHA! rV E  CAUGHT NIXON SO: 
NIXON
I
! . . .  ISA...PRESIDENT
: ■ ■ : ;
I . . .  I S . . .GUILTY
Y NOW, DOES NIXON WORK FOR ANYONE?
Y NO, SO I GUESS THAT'S ALL.
5) T h a t's  ju s t a sim ple example. You may want to  do something more
e la b o ra te -fo r  ins tance , you may want to  include e x tra  CHECKS to  
? see i f  o th er c o n d itio n s  are met b efo re  someone is  IMPLTCATEd
(e .g . is  th a t person a Known c rim in a l?  e t c . )  You should fe e l f re e  
: to  focus on some problem o th er than the W atergate scandalu As you
are  w r it in g  your IMPLICATE procedure,: you should ask y o u rs e lf :  do 
people r e a l ly  reason th is  way? I f  n o t, can you dev ise  a b e t te r  
: model?
FIGURE 2 .1 .  The te x t o f the 'G u i l t  By A s s o c ia tio n ' problem .
2 .2  DATABASE STRUCTURES
; Th is  sect ion o f the chapter p rovides ;a d e s c rip t ion o f the database  
s tru c tu re s  found in  the databases designed by students try in g  to  so lve  
the 'G u i l t  By A sso c ia tio n ' problem. The s tru c tu re s  a re  c h a ra c te r iz e d  in
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terms of the re la t io n s h ip s  th a t hold between nodes, and in  terms o f the  
r e la t io n  names and nodes th a t a re  e ith e r  shared by two o r more nodes or
th a t a re  unique to  a s in g le  node. ; These notions w i l l  become c le a r  as we
proceed through the d e s c rip tio n s .
The s tru c tu re s  th a t w i l l  be discussed here a r e : /
1) the 'C ha in  R e la t io n ' L is t ,
2) the 'O ne-to-m any' L is t ,
3) the 'O n e -to -o n e , Unique Successor:' L is t ,
4) the 'M any-to -one , Shared Successor' L is t ,
5) the 'O n e -o ff R e la t io n ' L is t .
2 .2 .1  'C hain  R e la t io n ' L is ts
The Chain R e la tio n , as the  name suggests, 1 inks to g e th er severa l 
nodes in  the database.: The Chain R e la tio n  ac ts  as a s tepp ing  stone fo r  
gen eratin g  successive nodes fo r  re c u rs iv e  procedures. The d e s c r ip tio n  
of the Chain R e la tio n  s tru c tu re  can be fo rm alized  w ith  the fo llo w in q  
form ula:
cil R a2
a2  R a3 => Chain R e la tio n .
For example, in  the fo llo w in g  database:
LIDDY---- ISA_____ BURGLAR
{ ..............UORKSFOR.. .  .MITCHELL
MITCHELI ISA BIGLAUYER
■. .  ^ . . Y  :
I . . . . . . . . .^ U O R K S F O R ....N IX O N
NIXON ISA....PRESIDENT
yO
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given th a t LIDDY = a l ,  MITCHELL = a2, NIXON = o3, and WORKSFOR = R, 
a Chain R e la tio n  s tru c tu re  has been id e n t i f ie d .
Of a l l  the d i f f e r e n t  database s tru c tu re s  th is  is  the m o s t r e l ia b le  
in  th a t i t  appears in  almost a l l  databases and i t s  presence -is r e f le c te d  
in  n e a rly  a l l  the programs designed fo r  the 'G u i l t  By A s s o c ia tio n ' 
problem.
2 .2 .2  'One-to-m any r e la t io n '  L is ts .
A One-to-many L is t  co n s is ts  in a c e r ta in  r e la t io n  name lin k in g  one 
node to two or more o th e r  nodes. The formal; statem ent; o f the  
One-to-many L is t  s tru c tu re  is :  
n l R i
n l R1 n3 => One-to-many.
In  the fo llo w in g  ( p a r t ia l )  database, fo r  example;
; BLUNT.. . INTIMATE.. .BURGESS
. I
I .  INTIMATE.. .PHILBY
' INTIMATE' ac ts  as a r e la t  ion l in k in g  BLUNT to  both BURGESS and 
PHILBY. The One-to-many L is t  supports i t e r a t iv e  processes in  SOLO 
programming,; and is  seldom found in  the databases designed by s tudents  
working on the 'G u i l t  By A s s o c ia tio n ' problem, a lthough when i t  is  p a rt  
of a database design i t s  use is  r e f le c te d  in  1 0 0% o f the programs 
w rit te n  to  operate  on these databases.
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2 .2 .3  'O n e -to -o n e ' L is ts .
The One To One in d ic a te s  th a t nodes share a p a r t ic u la r  1 ink w ith
o th er nodes, but th a t the second node in  any t r i p l e  is  not shared, is
unique. The form ula fo r  assign ing  s tru c tu re s  to the One To One category
n l Rl ;, n2  ; ■; ?
n3 Rl n4. => One To One.
( 2 )  An example database co n ta in in g  two instances o f One To One is  g iven
in the fo llo w in g  design:
FRED...ISA...BURGLAR
I  DRINKS. . .BEER
I  UORKSFOR...JOHN
JO H N ...ISA ...FEN C E  
I
I .  DRINKS.. .WHISKY
c
 .UORKSFOR.. .BOB
BOB.. . . ISA...RACKETEER >
I
! . . . . . DRINKS. ; . .CHAMPAGNE
Here, ISA 1 inks d if fe r e n t  nodes to  unique successor nodes (BURGLAR, 
FENCE, RACKETEER). The same, o f  course, a p p lie s  to  DRINKS.
2 .2 .4  'M an y-to -o n e ' r e la t io n  L is ts
The 'M an y-to -o n e ' r e la t io n  is  the opposite  o f the 'O ne-to-m any  
r e la t io n  L is t .  Here,; d i f fe r e n t  nodes share both a r e la t io n  name and 
the second node in  an a s s o c ia tiv e  t r i p l e .  The form ula fo r  the
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M any-lo-one s tru c tu re  is  the fo llo w in g :
n l Rl n2 ;
n3 Rl n 2 . => Many-to-one
Here is  an example database c o n ta in in g  a double M any-to-one L is t  
s tru c tu re ;  'IS A  SPY' ‘and 'WASAT CAMBRIDGE'.
BLUNT... IS A ...S P Y
I .
I . . . .UASAT CAMBRIDGE!
P H IL B Y ...IS A ...S P Y
! . . . .UASAT...CAMBRIDGE
: r . ; : .  V : : ? : :
BURGESS...ISA..SPY
I  UASAT...CAMBRIDGE
I t  should be noted th a t not a l l  nodes in the database need be 
involved when a M any-to-one L is t  is  con stru c ted . The fo llo w in g  database; 
a lso  y ie ld s  th is  construct ion:
LIDDY...ISA...BURGLAR  
: . . . . . .UORKSFOR.. .MITCHELL
M IT C H E L L ...IS A .. .BIGLAUYER
■ ■ ■ :
Y I......K N O W S...PR O PO SIT IO N !
I  UORKSFOR... NIXON
NIXON.. . IS A .. . PRESIDENT-:/
I . . . . . .KNOWS.. .PROPOSITION!
where on ly  MITCHELL and NIXON are  lin k e d  by the shared r e la t io n ,  
'KNOWS', to the successor node 'PROPOSITION!'. :
2 .2 .5  'O n e -o ff R e la t io n ' L is ts
The O n e -o ff R e la tio n  is  a t r ip le  in  which the r e la t io n  name is  not 
shared w ith  any o th e r t r ip le  in  the database. The form ula for: ass ign ing  
t r ip le s  to  th is  s tru c tu re  is :
n l Rl n2
n2 R2 n3 => O ne-off R e la tio n .
An example o f a database c o n ta in in g  severa l such s tru c tu re s  is :
BO B ...ISA ...M A N  ;
1....LO VES...M A R Y
MARY...ISA...WOMAN
I ■ , .
! . . . .DRINKS...METHS 
I
1 ....D ESPISES...A D RIAN
A D RIAN...ISA ...M AN
■■■ . : .
{ ....O W N S ....F ID O
where LOVES, DRINKS, DESPISES and OWNS a re  a l l -  O ne-o ff R e la tio n  
s tru c tu re s . That is ,  the O ne-off R e la tio n  1 ink ing  'MARY' and 'METHS' is  
'DRINKS' and i t  is  the on ly  example o f the r e la t io n  name anywhere in  
th is  p a r t ic u la r  database.
2 .3  THE STRUCTURAL DESCRIPTIONS OF PROGRAMS
A program can be d efined  as some number o f  program segments 
concatenated in  d i f fe r e n t  ways, by d i f fe r e n t  s tu d en ts , depending upon 
the in te n tio n s  and the s k i l l s  o f  the student design ing  and coding the  
program. The s tru c tu re  of a program is  described by assign ing  la b e ls  to  
program segments. Not a l l  segments are  o f  in te r e s t ,  so not a l l  segments
cC)
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are  la b e lle d . For example, p r in te d  s tr in g s , although they a re  
o ften tim es  q u ite  in fo rm a tiv e  o f a programmer's in te n tio n s , a re  not 
la b e lle d  in the d e s c rip tio n s  prov ided . The a n a ly s is  was designed to  
determ ine whether o r not s id e -e f fe c ts  to  the database occur in  a g iven  
program, and the co n d itio n s  under which the s id e -e f fe c t  is  made. The
, , ; y  y: :
la b e ls , and the co n d itio n s  under which they are  assigned, a re :
1) U nconditional S id e -E f fe e t . I f  the f i r s t  s ig n if ic a n t  program  
event (d is re g a rd in g  p r in te d  s tr in g s )  is  a s id e -e f fe c t  to the database  
the segment is  la b e lle d  as a USE (U ncond itional S id e -E ffe e t)  segment. 
Thus, i f  a program begins:
1) NOTE / X /  IS GUILTY then the USE la b e l is  a p p lie d . :In the  
example programs below, the la b e l can be found on the r ig h t  hand s id e  o f 
the arrow  p o in tin g  from the p a r t ic u la r  segment, e .g . .
1) NOTE / X /  IS GUILTY — — —  > ; USE.
; 2) C ond itiona l S id e -E f fe e t .  I f  the f i r s t  two s ig n if ic a n t  :program
events are  a c o n d itio n a l s tatem ent, and a s id e -e f fe c t  segment 
c o n d itio n a l on the outcome o f  the c o n d itio n a l te s t ,  then the segments 
are  tre a te d  as a s in g le  CSE (C o n d itio n a l S id e -E ffe e t)  segment.: There
are  d i f fe r e n t  ways th a t these: segments can be designed, and these are  
two of them:
A) 1 CHECK / X /  ISA BURGLAR i — ------- — — --------- — —  I
Î  s> ; CSE
lA I f  Present : NOTE / X /  IS GUILTY; CONTINUE— - I
B) 1 CHECK / X /  ISA BURGLAR ; -   -------— --------- - I
lA I f  P resent: CONTINUE I --------- X ; CSE
IB I f  Absent: EXIT I
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2 NOTE / X /  IS GUILTY
3) Generate Next Object and S e lf .  The standard re c u rs iy e  segment, 
(described  in Chapter 1) is  la b e lle d  as a GNO/S segment, as fo llo w s
CHECK / X /  < !re lat ionl^ ? ———————————
I > ; GNO/S
I f  Present <procedure-name> *  ; EXIT — — —:------I •
4) C o n d itio n a l on S ta r , and C ond itio n a l on X.
2 2  There are  instances where another program segment in tervenes
between the combined segments of the GNO/S c o n s tru c tio n . In  the next 
example, a co n d itio n a l; segment occurs a f t e r  the GNO segment and be fo re  
the re c u rs iv e  c a l l  to the procedure (th e  S e lf  segm ent). The c o n d itio n a l 
uses the value o f the w ild -c a rd  v a r ia b le  in the f i r s t  node s lo t ,  so the  
la b e l ap p lied  is  COND-# (C o n d itio n a l on S t a r ) .
CHECK / X /  UORKSFOR ?       ->  ; GNO
I f  P resent: CONTINUE 
I f  Absent: EXIT
CHECK *  EXCESS INCOME — —— -----—  X ; COND-*
I f  P resent: IMPLICATE >K ; E X IT ----------;—— --------> ; SELF
I f  Absent: EXIT
Sometimes the c o n d itio n a l statem ent uses both 'X '  and so I 
assume th a t 'X ' has precedence. In  such cases the co n d itio n a l; statem ent 
is  la b e lle d  COND-X (C o n d itio n a l on X ). Here is  an example:
CHECK / X /  UORKSFOR ? — — — :-----— -U ------ > ; GNO
I f  Present : CONTINUE 
I f  Absent : EXIT
CHECK / X /  KNOWS *  — — — — — --------------- >  ; COND-X
I f  Present : IMPLICATE *  ; EXIT — ---------------------- > ; SELF
I f  Absent; EXIT
oc
■/ y;  PAGE 2 -12
Program d e s c rip tio n s  were used to  d e riv e  the d e s ig n e r's  model of 
the problem. That is ,  i f  a program begins w ith  an U nconditional 
S id e -E f fe e t , such ds 'NOTE / X /  IS GUILTY' i t  has been assumed th a t the  
programmer in te rp re te d  the problem statem ent (see l in e  3 o f the problem  
t e x t .  F igure  2 .1 )  to  mean th a t the g u i l t  o f some person ( fo r  example, 
LIDDY) can be assumed from the s t a r t .  The a n a ly s is  in d ic a te s  th a t  
students have th e ir  own s ty l iz e d  in te rp re ta t io n s , or mental models, of 
the task a t hand. The observed program s tru c tu re s  ought to  correspond  
to  s tu d en ts ' mental models of the ta s k . Some of these mental models are: 
'a p p r o p r ia te ' , in  th a t they address the problem as s ta te d , w h ile  o thers  
in troduce c e r ta in  anom alies which preclude a s a t is fa c to ry  s o lu t io n .
Such ' in a p p ro p ria te ' models could a c tu a lly  be a r t i f a c t s  o f  students  
'th in k in g  in SOLO' and g e tt in g  led  as tray .; Although the s tudents  have a 
grea t deal of freedom to choose ways of im p le m e n tin g s o lu tio n s , they  
ty p ic a l ly  re s o rt to a few common approaches. In  the r e s t  o f th is  
s e c tio n  of the ch a p te r, s tru c tu ra l d e s c rip tio n s  of f iv e  d i f fe r e n t  
program designs w i l l  be provided . Each of these designs was implemented 
by a t le a s t ten students a ttem p tin g  the 'G u i l t  By A ssocia tion ': problem . 
These f iv e  types account fo r  65% of a l l  the programs.
The account w i l l  be s tra ig h tfo rw a rd  and fo llo w  th is  fo rm at. Each 
subsection begins w ith  the name of a derived  problem model -  the model 
presumed to e x is t  in  the programmer's head and to be a c c u ra te ly  
re f le c te d  in the program produced. An example program w i l l  be p ro v id ed , 
and the derived  model of reasoning form ulated from the s tru c tu ra l
d e s c r ip t io n . F in a l ly ;  the number of programs of th a t  p a r t ic u la r  design  
w il l  be p rovided .
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2 .3 .1  The 'C o n v ic t Everybody'; Problem Model
The program in  F ig u re  2 .2  was w r it te n  by one o f the p ro je c t  
stu d en ts , and c o n s is ts  of two segments, USE and GNO/S\,
TO IMPLICATE / X /
1 NOTE / X /  IS GUILTY ------ ------ --------- > ; U nconditional S id e -e f fe e t
segment = CONVICT FIRST
2 CHECK / X /  UORKSFOR ?  *-----1 ; Generate Next O bject Segment
, I— > ; ’ and
2A I f  P resent; IMPLICATE EXIT — I : S e lf  Segment = CONVICT THE
REST
2B I f  Absent: EXIT  
DONE
FIGURE 2 .2 .  The 'C o n v ic t Everybody' program.
The f i r s t  segment is  an u n cond itiona l s id e -e f  fe e t ,  and th is  is  fo llow ed  
by a standard recu rs io n  segment. The name of the problem model the 
student is  presumed to  have in  h is  head when he designs such a program  
is  c a lle d  th e  'C o n v ic t everybody' model, which may be summarized as 
something 1 iKe th is :  ;
1) The g u i l t  o f some person P is  assumed, as g iven (1 s t program  
segment) and,
2) o th er persons P' a re  g u i l t y  by d in t  of stand ing  in  some r e la t io n  
to P ( in  th is  instance UORKSFOR)vbr to each o th e r (2nd program segm ent).
T h ir ty  (21,6%) out o f the 139 programs (see Table 2 .1 )  were o f th is  
design , the  most frequent design found amongst these programs.;
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2 .3 .2  The 'C o n v ic t F i r s t  Person, Prosecute R est' Problem Model
There are  two vers ions  o f th is  problem model, one d erived  from  
program designs co n ta in in g  a COND-* segment, the o th e r d erived  from  
those co n ta in in g  a COND-X segment.
A program fe a tu r in g  COND-* is  g iven in  F ig u re  2 .3 .
TO IMPLICATE / X /
1 NOTE / X /  IS GUILTY — — — — > ; Unconditional; S id e -E ffe e t  segment
2 CHECK / X /  UORKSFOR ? —— > ; Generate Next O b ject segment
2A I f  P resent: . . .  i
2B I f  Absent : . . .
3 CHECK *  HAS EXCESSINCOME ; C onditional; On S ta r  segment
3A I f  P resent: IMPLICATE EXIT — — — — ->  ; S e lf  segment ^
3B I f  Absent: EXIT  
DONE
FIGURE 2 .3  The 'C o n v ic t F i r s t  Person, Prosecute R es t' program 1.
The s tru c tu re  o f the program is  th is .  There iS an U nconditional 
S id e -E ffe c t a t the f i r s t  segment. Fo llow ing  th is ,  th e  Generate Next 
O bject occurs, and is  separated  from th e  S e lf  segment by a COND-* 
segment. :
is  something 1 iKe th is :
; ; 1) The g u i l t  o f some person P is  assumed, is  g iven (1 s t program
segment) and,
2 ) o th er persons P' a re  g u i l t y  by d in t  o f stand ing  in  some r e la t io n  
to  P ( in  th is  instance UORKSFOR) or to  each o th e r (2nd program segment)
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IF  th ere  is  a lso  evidence of th e ir  g u i l t  (such as 'HAS 
EXCESSINCOME')x(3 rd  program segm ent).
Table 2 .1  shows th a t th is  type o f program was produced by 16 
stu d en ts , which rep resen ts  11.5% of th e  to ta l;  number o f programs.
The programs fe a tu r in g  a COND-X segment have more or le s s  the same 
s tru c tu ra l d e s c r ip tio n . A d if fe re n c e  is  th a t in  the COND-X type
programs, the c o n d itio n a l segment can be placed befo re  the GNO/S segment
or may in terven e  between the GNO and S e lf  segments. Th is  is  not 
p o ss ib le  w ith  the COND-# type programs,; of. course, because a va lu e  of 
the w ild -c a rd  v a r ia b le  must be generated b efo re  i t  can be used. An 
example program is  given in  F igure  2 .4 .
TO IMPLICATE / X /
1 PRINT " I'V E  CAUGHT" / X /  "SO"
2 NOTE / X /  IS GUILTY -----------— — ---- — -------> ; USE
3 CHECK / X /  HAS LOTSOFMONEY-------------— ------- ->  ; COND-X
3A I f  Present : CONTINUE
3B I f  Absent : EXIT
4 CHECK / X /  UORKSFOR ?      - !
I --- ->  ; GNO/S
4A I f  P resent: IMPLICATE EXIT  Î
4B I f  Absent : EXIT
)  FIGURE 2 .4  The 'C o n v ic t F i r s t  Person, Prosecute R est' program 2 .
The problem modeL d erived  from th is  s tru c tu re  is :
1) The g u i l t  o f some person P is  assumed, is  g iven  (1 s t program  
segment) and.
2) o th e r persons P' a re  g u i l t y  by d in t  of standing  in  some r e la t  ion 
to  P ( in  th is  instance UORKSFOR) or to  each o th er (3 rd  program segment)
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IF a lso  a p a r t ic u la r  d e s c rip tio n  ( in  th is  case ' HAS LOTSOFMONEY') is
T h irte e n  (9.4% ) o f a l l  programs e x h ib ite d  th e  COND-X fe a tu re .
2 .3 .3  The 'P rosecu te  Everybody' Problem Model
An example o f the program design implementing th is  problem model is  
given in  F igure  2 .5 .
TO IMPLICATE / X /  :
1 CHECK / X /  HAS RECORD —----- - ———— — : > ; C o n d itio n a l segment
lA I f  P resent: NOTE / X /  IS GUILTY; CONTINUE - — > ; S id e -E ffe c t segment 
IB I f  Absent: EXIT
2 CHECK / X /  PAIDBY ? -----— — — ------> ; Generate Next O bject
2A I f  P resent: IMPLICATE *  ; EXIT :—;— ;——  ->  ; S e lf  segment
28 I f  Absent: PRINT "NO MATE IT 'S  A FAIR COP!"; EXIT;
DONE
FIGURE 2 .5  The'Prosecute Everybody' program.
The s tru c tu re  o f the program in F igure  2 .5  is  a: c o n d it ional
s id e -e f fe e t  f i r s t  segment, and the second segment is  a standard
.
The problem model; presumed to  e x is t  in  the mind o f th is  student 
would be something 1 iKe th is :
1) Some person P is  g u i l t y  on ly  i f  th ere  is  evidence o f h is  g u i l t
( e .g . ,  'P ' HAS RECORD), and
2) o th e r persons P' a re  g u i l t y  by d in t  o f th e ir  standing  in  some
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r e la t io n  to P ( e .g . , P is  PAIDBY P ' ) o r to  each o th e r , IF  th ere  a lso  
e x is ts  the same evidence ag a in s t P ' as ag a in st P.
Table .2 .1  shows th a t 15 o f  the 139 programs were o f th is  type: 
1 0 . 8 % of the t o t a l .
2 .3 .4  The 'P rosecu te  F i r s t ,  Convict Rest'. Problem Model
o An example im plem entation o f  th is  problem model, is  g iven in  F igure
2 .6 .
TO GUILTTEST / X /
1 CHECK / X /  ISA BURGLAR ' 
lA I f  P resent: IMPLICATE / X /  EXIT  
IB I f  Absent: EXIT  
DONE
;; FILTER procedure -
TO IMPLICATE / X /
1 NOTE / X /  IS G U ILTY  --------- --— — > ; U nconditional S id e -E ffe c t  segment
2 CHECK / X /  UORKSFOR 7 •> ; Generate Next O bject segment
2A I f  P resent: IMPLICATE >K; EXIT — > ; S e lf  segment 
2B I f  Absent: EXIT  
DONE
FIGURE 2 .6  The Prosecute F i r s t ,  Convict R es t' program
The program co n s is ts  o f a main procedure, 'GUILTTEST' (a  FILTER) 
co n ta in in g  a C ond itional segment which te s ts  fo r  the presence of a 
p a r t ic u la r  d e s c rip tio n  of th e  param eter node (ISA BURGLAR, in th is  
c a s e ), and, dependent upon th e  presence o f  the p a tte rn , t r ig g e rs  the  
subprocedure, 'IM PLICATE'. The subprocedure con ta ins  an U ncond itional 
S id e -E ffe c t f i r s t  segment, and the standard Generate Next O bject and 
S e lf  segments in steps 2 and 2A. The FILTER fu n ctio n s  to  remove the  
C o n d itio n a l p a tte rn  ' / X /  ISA BURGLAR' from the o p era tio n  o f the
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re c u rs iv e  procedure, 'IM PLIC A TE'.
The problem modeL d erived  from th is  design is :
1) Some person P is  g u i l ty  on ly  i f  there  is  evidence o f  h is  g u i l t  
( e .g . ,  'P  ISA BURGLAR'), and
2) Other persons P ' are g u i l t y  by d in t  of t h e i r  standing in some 
r e l a t io n  to P ( e . g . ,  UORKSFOR) or to each o th e r .
Table 2 .1  shows th a t on ly  13 such programs were; designed;^ ju s t  9.4%  
o f the t o t a l .
SUMMARY and DISCUSSION: ■ N early  two th ird s  Of the p ro ject; students  
(63%) designed programs of one or another of the f iv e  types described  
above. A lto g e th e r, 87 programs f e l l  in to  these c a te g o rie s . Table 2 . 1  
summarizes the d a ta . The f i r s t  column of. the ta b le .g iv e s  the s tru c tu ra l  
d e s c rip tio n  of the f iv e  d i f fe r e n t  types of. program, and the second 
column g ives the number of programs of each type , (and the percentage o f 
the to ta l  o f 139 programs th a t th e s e  f ig u re s  re p re s e n t)
oTYPE TOTAL
The 'C o n v ic t everybody' model lUSE; 1 30 1
1GNO/S 1 ( 2 1 . 6 %) 1
The 'C o n v ic t f i r s t  person. lUSE; : 1 16 1
prosecute r e s t '  model; IGNO; 1 (11.5% ) 1
ICOND-*; 1 1
ISELF
1
The 'P rosecu te  everybody' model iCSE; ■ 1 15 1
IGNO/S 1 ( 1 0 . 8 %) 1 
1 . . 1
The 'P rosecute  f i r s t  person. IFILTER : 1 13 : 1
convic t r e s t '  model 1 (9.4% 1 
1 ; 1
The 'C o n v ic t f i r s t  person. lUSE; 1 13 1
prosecute r e s t '  mode1 IGNO; : 1 (9.4% ) 1
ICOND-X;:
ISELF
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TABLE 2 .1
Of the rem aining 52 programs, 18 are  o f in te re s t  because o f the  
l ig h t  they throw on a p a r t ic u la r ,  widespread conceptual problem w ith  
which students are  confronted  (o r so i t  w i l l  be argued below) when 
t ry in g  to design a program fo r  the 'G u i l t  By A s s o c ia tio n ' problem.
These programs have been la b e lle d  'Hand Operated R e c u rs io n ', 'F la t te n e d  
re c u rs io n ', and 'Enablement p a tte rn ' programs. They w i l l  be discussed  
fu r th e r  below. The rem aining programs consisted  of e i th e r :  a Generate
Next Object and S e lf  segment, and noth ing  more; a C o n d itio n a l or 
U nconditional s id e -e f fe e t  segment, and noth ing more; a com bination of 
U nconditional and C o nd itiona l s id e -e f fe e t  segments, and noth ing  more; 
and so on. These 52 programs t e l l  us th a t about one th ird  o f the  
students encountered a lo t  of d i f f i c u l t y  in w r it in g  re c u rs iv e
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procedures. In d few cases (14  programs) th ere  were s igns th a t  
designing any program would have been beyond some o f the s tu d en ts .
During the a n a ly s is  o f the programs, i t  was n o ticed  th a t  most had 
bugs of one s o rt o r an o th er, but these were not c la s s if ie d  and counted 
so no s t a t is t ic s  a re  a v a ila b le .  There were two reasons fo r  th is .
F i r s t ,  a d e ta ile d  a n a ly s is  of e rro rs  th a t  occur in  novice SOLO programs 
has been performed by Lewis (Lew is, 1980). Second, many o f the types of 
e rro rs  th a t were n o ticed  have been analyzed and discussed in  terms of a 
debugging a s s is ta n t fo r  novices in SOLO programming a lre a d y  (Hasemer, in  
p re s s ).
The frequency of occurence o f p a rt ic u la r  database s tru c tu re s  
accompanying programs of the f iv e  program types described above and 
summarized in  Table 2 .1 ,  is  g iven in  Tab le  2 .2 .  The T ab le  shows the  
number of programs ( 1s t colum n), and the program s tru c tu ra l d e s c rip tio n s  
( 2 nd colum n). In subsequent columns the number o f databases co n ta in in g  
a p a r t ic u la r  s tru c tu re  and the number of programs which r e f le c t  (use) 
the p a r t ic u la r  s tru c tu re  are  in d ic a te d . For example, in  the th ir d  
column, the Chain R e la tio n  (CR) occurs in  a l l  t h i r t y  databases which 
accompanied the USE + GNO/S programs, and a l l  t h i r t y  programs had a 
segment which operated on the Chain R e la tio n  (30C 303). The Chain 
r e la t io n  a lso  occurs in a l l  13 o f the  databases accompanying the FILTER : 
programs, but on ly  12  o f the programs have a segment , which operates  on 
the Chain R e la tio n  (13C123).
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_ 1 CR ! Many-1 Î 1-1 : I OneOff 11-Many 1
1) 30 USE; ! 30 1 7  1 26 i 19 1 0 1
— *
GNOS 1
j _
[ 8 0 ] 1 [ 3 ]  I : 1 3 ]  ; : : [ 4 ] 1 [ 0 ]  1
2 ) 16 USE; 1 15 1 10 i ; 9 : : 1 12 ; 1 2 1
, GNO; Î
COND-*;1
1 SELF 1 
________
[ 1 5 ] 1 [ 8 ]  1 
1
[ 4 ] 1 [7 1
I
1
1 [ 2 ]  1 
1 1 
1 1
3) 15
___
1 CSE; 1 
GNOS 1
14
[1 4 ]
i 13 1 
1 [1 3 ]  I
9 , 
[ 3 ]  :
1 8 
1 [ 3 ]
1 3 1 
1 [ 4 ]  1
• ; . 
4) 13 FILTER 1 13 1 4  Î 9 Î 11 I 3 1
1 1 [1 2 ] 1 [ 0 ]  1 171 i [ 9 ] 1 [ 1 ]  1
5) 13 1 USE; i 12 : r  9 1 9 1 8 i 1 0 1
i GNO; ! 
i COND-X;1 
SELF I
[1 2 ] 1 [ 9 ]  Î 
1
[ 4 ] 1 [ 3 ]
Î
1
1 [ 0 ]  1 
1 1 
1 1
TABLE 2 .2
The question to  be ra is e d  a t th is  p o in t is  th is .  Do the 87 
programs which are  accounted fo r  by the designs g iven  : in  Table 2 .2  
a c c u ra te ly  r e f le c t  th e ir  designers problem models? That is ,  do the  
problem models th a t were derived  from the s tru c tu ra l^ d e s c r ip t io n s  o f the  
programs a c c u ra te ly  r e f le c t  the models the students had in  mind when
The problem model which the author o f the problem statem ent 
intended th a t the student should a b s tra c t CEisenstadt; personal 
communication) is  g ra p h ic a lly  represented  in  F igure  2 ,7  
w orksfor w orksfor
LIDDY-
is
■>MITCHELL-
is  I
>NIXON
is
> GUILTY <
FIGURE 2 .7  A graphic  re p re s e n ta tio n  of the 'C o n v ic t everybody'
oc:
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The p ro b le m  was m eant to  be is o m o rp h ic  w i th  th e  INFECT p ro b le m  
given in the P ro je c t Manual, page 80V Note th a t  the T i r s t  l in e  o f the  
problem statem ent conta ins  a p o in te r  to the INFECT program, and i t  was 
expected th a t  students would use th a t procedure as a model fo r  w r it in g  
th e ir  program fo r  th is  problem.
However, some readers might we11 be expected to  in te rp re t  ' i f  
someone is  found to  be g u i l t y '  to  mean th a t i f  evidence of 'som eone's' 
c r im in a l i ty  can be d iscovered , then th a t 'someone'  can be sd id  to have 
been ' fo u n d ;o u t', ' found' g u i l t y .  Support; fo r  th is  in te r p r e ta t io n , in  
the re a d e r 's  mind, would be the in fo rm atio n  in the problem 's example 
database: LIDDY ISA BURGLAR. A g rap h ic  descr ip t  ion o f the problem
model re f le c te d  in  the FILTER programs is  given in  F igure  2 . 8  (More w i l l  
be sa id  about the F igure  2 .8  re p re s e n ta tio n  be low .)
w orksfor w orksfor
LIDD Y— — — — — — — — —^ MITCHELL— —— —— — — ——  ^ N I XON
( I ' I I
I ;I I isa
I I
I I— BURGLAR
I . . .V' - :
 ^ is  . I -  ■ . ; : is  .1. is
I I I
FIGURE 2 .0 ,  A graph ic  re p re s e n ta tio n  of the 'P rosecu te  i 
f i r s t ,  conv ic t o th e rs ' problem model as 
r e f le c te d  in  the F ILTER programs.
In  a l l ,  30 students designed programs which p e r fe c t ly  r e f le c t  the  
'C o n v ic t everybody' problem model (th e  f i r s t  row in  Table 2 .2 ) .  The 
program designs in rows 2 and 5 o f Table 2 .2  (g iv in g  a fu r th e r  29
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programs) a re  e la b o ra tio n s  o f  the 'C o n v ic t everybody' model. These 
e la b o ra tio n s  a re  suggested to  the p ro je c t students in  the f i f t h  
statem ent of the problem te x t ,  where i t  is  suggested th a t  students may 
want to  "do something more e la b o ra te , such as inc lude  e x tra  Checks, 
e tc ."
The 13 FILTER type programs r e f le c t  the 'P rosecu te  f i r s t , ,  co n v ic t 
o th e rs ' problem model. Thus, on the s u rfa c e , in d ic a t ions a re  "that the  
m a jo r ity  of p ro je c t students ab s trac ted  the 'C o n v ic t everybody' model 
from the problem t e x t .
The strong in tu i t io n  is  th a t  the fig u re s  should be re vers ed , th a t  
many more of the students should have ab s trac ted  the  more s o p h is tic a te d  
model from the problem sta tem ent. In  a t t r i b u t ing problem models to  
students on the basis  o f the s tru c tu ra l d e s c rip tio n s  o f th e ir  program  
designs we may be d is g u is in g  im portant problem s o lv in g  processes. The 
im p lic a tio n  of assign ing  such models is  th a t the students have no 
d i f f i c u l t y  t r a n s la t in g  t h e ir  mental model of the problem in hand in to  
program code. U n fo rtu n a te ly , the  data  is  ' s i l e n t ' .  Ue have the  
programs but not the programmers. Ue can ra is e  c e r ta in  questions about 
the programs, but th e ir  designers a re  not a v a ila b le  to say "No, th a t 's  
not what I meant a t a l l !" , o r to agree w ith  us, as the case may be. In  
order to d iscover which questions might be asked o f the d a ta , a  
vo lu n tee r S u b jec t, S I,: was g iven th e  problem to s o lv e . S I was a 
v o lu n te e r , a student tak ing  the second le v e l course 'In tro d u c t io n  to  
psychology' q t the Open U n iv e rs ity . In  o rder to  make the experim ent as 
v a lid  as po ss ib le  fo r  comparison w ith  the behaviour o f the p ro je c t  
stu d en ts , S I was tre a te d  l ik e  any o th e r D303 s tu d en t. S I read the e a r ly
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'C o g n it iv e  Psychology'; course m a te ria l in her own home, a t  her own pace. 
She s tud ied  the  Programming Manual in the same circum stances, and 
performed a l l  the study c e n tre  a c t iv i t i e s  which a re  re q u ire d  o f a l l  D303 
s tu d en ts . Only then was S I g iven the p ro je c t m a te r ia l,  and, l ik e  a l l  
o th er s tu d en ts , S I was advised to t r y  to so lve  the problem w ith  pen c il 
and paper a t home in o rder to  save tim e a t a te rm in a l s i t e .  Students  
have to book a term inal a t one of the Open U n iv e rs ity 's  numerous study  
c e n tre s , and each student is  allow ed to  book no more than one h o u r's
computing time in  any one day. Most s tuden ts  have to  tra v e l some
d is tan ce  to  th e ir  lo c a l study c e n tre . I f  the student designs a program  
befo re  going to the study cen tre  a l l  he has to do when he g ets  th ere  is
type i t  in  and te s t i t .  I f  th ere  is  a bug in  the program he can spend
most o f h is  hour re p a ir in g  the program. . When SI had attem pted the  
p ro je c t a t home, she was brought in to  our la b o ra to ry  and provided w ith  a 
te rm ina l to run , te s t and, i f  necessary, debug her program.: In  fa c t ,  S I
was q u ite  discouraged a f t e r  having spent some considerab le  time 
designing d i f fe r e n t  programs fo r  the problem. The t ra n s c r ip t  o f p a rt of 
th e  f i r s t  tape recorded session w ith  S I is  p rovided  in  Appendix A . Th is  
f i r s t  p a rt o f the p ro toco l is  a re tro s p e c tiv e  account by S I o f the  
various  attem pts th a t were made a t s o lv in g  the problem.
In a l l ,  S I managed four d i f fe r e n t  designs a t home. These a re  g iven  
in  F igures 2 .9  -  2 .1 2 . Three o f these programs (F ig u res  2 .9 ,; 2 .1 0 , and 
2 .1 1 ) have the  same s tru c tu ra l;  d e s c rip tio n s  as programs a lre a d y  
discussed,:..and the fo u rth  (F ig u re  2 .1 2 ) ,  w h ile  not: discussed p re v io u s ly ,, 
has a lso  been found amongst the 139 p ro je c t  programs.
'Unreachable Code'
TO IMPLICATE / X /
1 CHECK / X /  ISA BURGLAR :
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lA i f  P resent: NOTE / X /  ISA CROOK; CONTINUE 
IB I f  Absent: PRINT / X /  "IS  IN THE CLEAR"; EXIT
2 CHECK / X /  UORKSFOR ?
2A I f  P resent: IMPLICATE ^
2B I f  Absent: EXIT
FIGURE 2 .9 .  The 'Unreachable Code' program designed by 
Subject S I .
'F ILTER '
TO IMPLICATE / X /
i  CHECK / X /  IS A BURGLAR -
lA IF PRESENT NOTE / X /  IS GUILTY; CONTINUE
IB IF  ABSENT: PRINT X IS NO CRIMINAL; E X IT j
TO GUILTTEST / X /
1 CHECK / X /  UORKSFOR ?
2A IF  PRESENT: NOTE " *  IS A CROOK"; EXITr 
2B IF ABSENT: PRINT " *  IS IN THE CLEAR"; EXIT
FIGURE 2 .1 0 . An unsuccessful attem pt by Subject S I to  design
a program fo r  the 'P rosecu te  f i r s t ,  conv ic t o th e rs ' 
problem model.
'F la tte n e d  re c u rs io n '
CRIMECHECK
1 CHECK X ISA BURGLAR
P: PRINT / X /  IS GUILTY CONTINUE 
A: EXIT
2 CHECK X UORKSFOR ?
P: IMPLICATE >K; CONTINUE :
A: EXIT
3 CHECK *  UORKSFOR ?
P: IMPLICATE *A; CONTINUE i 
A: EXIT
4 PRINT ALL GUILTY
FIGURE 2 .1 1  An attem pt to  ' f la t t e n  o u t' the re c u rs iv e  process by 
Subject S I .
'USE; GNO/S'
TO IMPLICATE / X /
1 NOTE / X /  IS GUILTY
2 CHECK / X /  UORKSFOR ?
2A I f  P resent: IMPLICATE * ;  EXIT
2B I f  Absent: EXIT
DONE
FIGURE 2 .1 2  The program f in a l l y  produced by Subject S I ,
r e f le c t in g  the 'C o n v ic t everybody' problem model
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The problem w ith  the 'U nreachable Code' in  F igure  2 ,9  is  th a t the  
c o n d itio n a l statem ent a t step  1 o f the procedure causes e a r ly  
te rm in a tio n  o f the program. The c o n d itio n a l statem ent eventuates in  1) 
the s id e -e f fe e t  on the param eter node a t step lA , and 2) c o n tin u a tio n  to  
step  2 o f the program. Since the on ly  node having the d e s c r ip tio n  'IS A  
BURGLAR' is  LIDDY, the program te rm in ates  before  'MITCHELL' and 'NIXON' 
can be la b e lle d  g u i l t y .  As may be seen in the pro toco l in  Appendix 2 , 
the s tra te g y  used by SI in  designing the 'Unreachable Code' program was 
to break the problem down in to  p a rts  and to w r ite  code fo r  each o f the 
p a rts  s e p a ra te ly . Each worked on i t s  own,; but when the p a rts  were put 
to g e th e r th ere  occured th e  'c lo b b e r ' in te ra c tio n s  described by Sussman 
(1 9 7 0 ), or the n o n -lin e a r  m ain-step f a i lu r e  described by G o ld s te in  
(1 9 7 5 ). There are  severa l in d ic a t ions in  the pro toco l th a t th e  Subject 
p re fe rs  to  work a t the in d iv id u a l segment le v e l o f programs -  ach iev ing  
f i r s t  th is  in a segment of code, then something e ls e .
The s tru c tu ra l d e s c rip tio n  o f the 'Unreachable Code' program is  the  
same as the programs in the 3rd  row of Table 2 .2 :  'CSE; GNO/S'. The 
d iffe re n c e  between the two types of program is  th a t the 'CSE; GNO/S' 
programs succeed. The argument is  th a t the students who designed the  
'CSE; GNO/S' programs had ab s trac ted  the /P ro s e c u te  f i r s t ,  co n v ic t 
o th e rs ' model from th e  problem s ta tem en t, but d id  not 'g e t  the  id e a ' of 
using a FILTER to separate  the co n d itio n a l; p a tte rn , which is  re q u ire d  of 
the 'P rosecute  f i r s t ,  conv ic t o th e rs ' model, from the re c u rs iv e  c a l l  to  
the procedure. (See S i 's  p ro toco l in Appendix 2 . )  A compromise s o lu tio n  
would be to  c re a te  a 's te re o ty p e ' fo r  database nodes, and to use th is  
s te reo typ e  as a s o r t  of 'database implemented' FILTER. The s te reo typ e  
is  re a liz e d :b y  d ev is in g  M any-to-one L is ts  ;in the database. The database
PAGE 2 -27
O
designed fo r  the /CSE;; GNO/S' program described in  S ection  2 .3 .2 ,  
above, was th is :  i
J O E ....IS A ....H IT M A N  
I
! ...........HAS___ RECORD '
I' -  .
1. . . ..P A ID B Y .. . .ANGELO
ANGELO IS A .. . .FIXER /
I : :
I  . . .H A S.. .  .RECORD
■
1. . . . . . . . PAIDBY.. . .GODFATHER
GODFATHER.. . .  IS A .. . .BOSS 
!
1. . . . . . . . . . .HAS RECORD
Each of the database nodes has the re le v a n t d e s c r ip to r  'HAS 
RECORD' ,  a d e v ice whi ch perm i t s  a l l  the nodes t o pass t he cond i t i ona1 
te s t which is  the f i r s t  segment o f  the type o f program under d iscu ss io n . 
The device prevents the e a r ly  te rm in a tio n  o f  programs th a t have a 
cond it ional f i r s t  segment. :
Table 2 .2  a lso  conta ins  in fo rm atio n  on the number of databases  
co n ta in in g  the Many-to-one s tru c tu re  fo r  a l l  the programs o f each 
program typ e . For example, o f the  30 databases designed fo r  the 30 
'USE; GNO/S' programs ( f i r s t  row in Tab le  2 .3 ) ,  7 co n ta in  the  
Many-to-one L is t  s tru c tu re . Of these 7 occurrences, 3 are  a c tu a lly  
r e f le c te d  in th e  'USE;: GNO/S' programs. That is ,  some of the 'USE; 
GNO/S' programs could have been c la s s if ie d  as 'CSE; GNO/S' designs.
The reason they w eren 't is  because a d i f fe r e n t  s o lu tio n  to  the e a r ly  
te rm in a tio n  problem is  used by some studen ts : th e  'C on tinue R egard less '
s o lu t io n . The s o lu tio n  invo lves w r it in g  a c o n d itio n a l f i r s t  segment.
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and then w r it in g  'CONTINUE' in s tru c tio n s  in the Mow o f co n tro l s lo t  on 
both branches of the c o n d itio n a l statement:, e .g . ,
CHECK / X /  ISA BURGLAR 
lA I f  P resent: CONTINUE
IB I f  Absent: CONTINUE :
2 NOTE / X /  ISA CROOK : :
2A I f  P resent:
FIGURE 2 .1 3
Whenever th is  c o n s tru c tio n  was encountered, i t  was considered th a t ,  
since the c o n d itio n a l statem ent r e a l ly  had no e f f e c t  on subsequent 
s id e -e f fe e t  segments, the s id e -e f fe e t  would be la b e lle d  as 
'U n c o n d itio n a l' .
Of sp ec ia l in te re s t to  us a t th e  moment is  the number o f FILTER 
programs in which the M any-to-one L is t  was incorporated  in  the  
accompanying database r  4 . Of these, the  s tru c tu re  is  r e f le c te d  in  none 
of the FILTER segments of the programs produced. The fig u re s  suggest
th a t n e a rly  a th ird  o f the students who produced FILTER programs toyed
w ith  the idea 's te re o ty p in g ' s o lu t io n , b efo re  h i t t in g  on the idea of 
using a FILTER.
Table 2 .3  shows th a t the M any-to-one s tru c tu re  occurred in  the 
databases of on ly  50% of the students who designed the programs o f the  
type 'USE; GNO; COND-*; SELF', and o f 69% o f  those who designed 'USE; 
GNO; COND-X; SELF' programs. Since both these types combine a 
co n d itio n a l statem ent w ith  a re c u rs iv e  segment, i t  might be expected  
th a t n e a rly  a l l  of the databases would con ta in  the 's te re o ty p e ' 
s tru c tu re . However, many of these p a rt ic u la r  program designs use a 
d is ju n c tio n  of co n d itio n s  in  com bination w ith  the re c u rs iv e  segment to  
t r ig g e r  the re c u rs io n .' That is ,  the t r ig g e r  fo r  recu rs io n  might be:
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' / X /  UORKSFOR * '  and ' *  EXCESS INCOME', OR, ' / X /  WORKSFOR * '  and ' *  
KNOWS PRO Pl'. Such designs ty p ic a l ly  use the 'O n e -o f f ' o r the  
'O n e -to -o n e ' r e la t  ion 1 is ts .
PROGRAM
DESIGNS
1 MANY-1 
1 RELATION 
1
USE; GNO/S
1
1 3 /3 0  -  
1 10% ,
USE; GNO; COND-*; SELF :
'
1 8 /1 6  = 
1
50%
FILTER :
• - 1 ,
1 0 /1 3  = 0%
CSE; GNO/S 1 14/15 =
j
93.3%
USE; GNO; COND-^X; SELF 1 9 /1 3  = 69.2%
TABLE 2 .3
S I d id  get the idea of using a FILTER procedure: (F ig u re  2 .1 0 ) to  
overcome the e a r ly  te rm in a tio n  problem, but the program fa i le d  because 
SI could not f ig u re  out how to t r ig g e r  the subprocedure. (Of the 13 
FILTER programs produced by the p ro je c t s tu d en ts , 1 was l i k e  t h i s . ) The 
th ird  s o lu tio n  t r ie d  by S I (F ig u re  2 .1 1 ) rep resen ts  a kind  o f 'f la t te n e d ,  
o u t' recu rs io n  process (see b e lo w ). In  th is  program, the Subject uses 
two 'GNO/S' segments to generate  and recurse on the values o f 'MITCHELL' 
and 'N IX O N '. We can compare t h is  w ith  one of the 'F la t te n e d  re c u rs io n ' 
programs found in the programs in  the 'OTHER' category mentioned above.
TO IMPLICATE / X /
1 CHECK / X /  ISA IH IE F  —— — -------- — ;—-> ; C o n d itio n a l
IP; PRINT " I'V E  CAUGHT" / X / ;  CONTINUE
lA; PRINT / X /  "DOES NOT STEAL AND THEREFORE IS INNOCENT"; EXIT
2 CHECK / X /  WORKSFOR ; ?A ------- ----------------- — ; GNO
IP: PRINT "AHA! I'V E  ALSO CAUGHT" *A; CONTINUE
lA: PRINT / X /  "DID IT  ON HIS OWN"; EXIT
3 NOTE / X /  IS GUILTY —y ; S id e -e f fe e t  (X)
oC )
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4 NOTE *A ISALSO GUILTY — '—  —;— X ; S id e -e f f ec t (*A )
5 CHECK *A WORKSFOR ?B —  -— > ; GNO
IP : PRINT "AHA! I'V E  CAUGHT" *B "AS WELL":; CONTINUE. .
lA: PRINT / X /  "AND" *A "WERE IN IT  ALONE"; EXIT
6 NOTE *B IS GUILTY ----- ----------------- — ^ ; S ide—e f fe c t  (*B )
7 PRINT "NOW, DOES" *B "WORK FOR ANYONE?" !
8 CHECK *B WORKSFOR ?C ---------------— *-- -— ; GNO
IP: PRINT " IT  MUST BE MY DAY, I'V E  EVEN CAUGHT" *C; CONTINUE ! 
lA: PRINT *B "MUST BE THE BOSS, SO THAT'S ALL"; EXIT
9 PRINT *C "IS  GUILTY ALONG WITH THE OTHERS"
10 CHECK *C WORKSFOR ; ?D--------------------- ------------------------ -— > ; GNO
' IP PRINT " I'M  HANDING OVER THE CASE TO SCOTLAND YARD NOW"; EXIT  
lA PRINT *C "IS  THE BIG BOSS SO I GUESS THAT'S ALL"; CONTINUE 
DONE
FIGURE 2 .1 4
In th is  program, the 're c u rs io n ' has been com plete ly  f la t te n e d  o u t. 
What th is  means is  th a t ra th e r  than include a re c u rs iv e  c a l l  to  the 
procedure, the designer b u ild s  the req u ired  a c tio n s  -  the s id e -e f fe e ls  : 
which would norm ally  be consequents o f  the recu rs io n  -  in to  subsequent 
l in e s  of code. The f la t te n e d  out process overcomes the e a r ly  
te rm in a tio n  problem w ith  programs having a c o n d itio n a l f i r s t  segment but 
no s te reo typ e  database to  operate  on.
In  the end S I opted to s im p lify  the problem model (a lthough  she 
thought i t  was cheating  and was. re  1 uct a n t . to do so -  see Appendix 2 . )  
The model which she was capable o f design ing  a database fo r  was the  
'C o n v ic t everybody' model.
o2 .4  IMPLICATIONS: PROBLEM UNDERSTANDING
The major im p lic a tio n  o f these fin d in g s  is  th a t - ih e  problem  
understanding stage o f  problem so lv in g  in programming is  o r i t i c a l 1y 
im portan t. Whether o r not a program is  c o r re c t ly  designed depends upon 
the in te n tio n s  o f th e  person doing the programming. Some students  
seemed to read in to  the 'G u i l t  By A s s o c ia tio n ' problem statem ent a 
'C o n v ic t Everybody' model of the problem to be so lved , w h ile  o thers  
seemed to read in to  i t  a 'P rosecute  f i r s t ; :  convict; o th e rs ' model o f the
problem. The f inding un d er!in es  not on ly  the importance of the problem  
understanding phase o f  problem s o lv in g , but a lso  the importance o f the a 
p r io r i  models which the problem s o lv e r b rings  to bear during  th is  stage  
of problem s o lv in g .
To d a te , very l i t t l e  research has been attem pted on th e  problem  
understanding phase in  computer programming, a lthough both Brooks and 
Schneiderman have commented on th is  phase o f  (e x p e rt) programming 
a c t i v i t y .
r  ^ Brooks (1976) has p a r t it io n e d  programming a c t iv i t y  in to  th re e
d is t in c t  processes -  Problem Understanding, Method F in d in g , and Coding, 
each of which is  claim ed to  fo llo w  the o th e r . Although Brooks has 
l i t t l e  to say about the im portant processes of Problem Understanding and 
Method F ind ing  he suggests th a t the 'UNDERSTAND' program (Hayes & Simon, 
1974) is  a more or less  adequate model o f the problem understanding  
process.
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In 'UNDERSTAND', problem understanding invo lves  two subprocesses. 
Language Understanding and Model C o n stru c tio n . The product o f  these 
processes is  a problem space co n ta in in g  the i n i t i a l  and goal s ta te s  o f a 
problem, the problem o b je c ts  and th e ir  p ro p e rtie s  and r e la t io n s ,  and, 
f i n a l l y ,  the opera to rs  fo r  transform ing  the i n i t i a l  in to  the goal s ta te ,  
plus any r e s t r ic t io n s  on the  use of the o p era to rs . This f in a l  
re p re s e n ta tio n  can then be operated on by a sp ec ia l purpose problem  
: so lv in g  mechanism. I f  the problem is  not solved in th is  'S o lu t io n '  
phase, the problem understanding mechanisms are  in s ta n tia te d  a second 
time and the process begins ag a in .
The UNDERSTAND program operates on 'w e ll  d e fin e d ' problems, such as 
the Tower o f Hanoi problem, or the  Tea Ceremony problem . These are  
problems th a t s p e c ify  a l l  the in fo rm atio n  a problem s o lv e r  needs in  
order to  so lve  the problem. A drawback o f  the 'UNDERSTAND' model as a 
l i k e ly  ' f r o n t  end' fo r  Brooks' model o f programming a c t iv i t y  is  th a t  
programming problems are  not w e ll d e fin ed ,, in the sense th a t 'o p e ra to rs ' 
are not u s u a lly  e x p l ic i t l y  in d ica ted  in programming problem sta tem ents . 
Programmers have to recognize which o p era to rs  are  re le v a n t from an 
a n a ly s is  of vario u s  fe a tu re s  of the problem statem ent; th a t is ,  
s e le c tio n  of o p era to rs  is  in d ir e c t .  I f  the problem does not cue a known 
a lg o rith m , then the programmer must devise one. Brooks (1977) makes 
much the same observation  and introduces the n o tion  of 'method f in d in g '  
to account fo r  the programmer's need to determ ine a s u ita b le  a lg o rith m , 
but he has nothing to say about method f in d in g  processes o th e r than to  
in d ic a te  r e f le c t io n s  of such processes in the p ro to co ls  he ana lyzed .
P art of the goal of th is  th e s is  is  to  dem onstrate such processes in  
operat ion.
c
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E q u a lly  important: w ith  respect to  /UNDERSTAND'/ s o lu tio n  processes 
do not begin o p era tin g  u n t i l  enough is  Known about the problem to  get 
the processes go ing . U n fo rtu n a te ly , th is  .'enough' invo lves  knowing 
ev e ry th in g . In 'w e ll  d e fin e d ' problems s o lu tio n  processes cannot get 
s ta r te d  u n t i l  the o p era to rs  (and the r e s t r ic t io n s  on t h e i r  use) are  
known, and in the Tea Ceremony problem, which is  used by Hayes & Simon 
to exem plify  the o p era tio n  o f the system, th is  in fo rm atio n  is  not 
f in a l ly  given u n t i l  the pen u ltim ate  l in e  of the problem sta tem ent.
Thus, problem understanding processes n e c e s s a rily  precede any attem pts  
a t a s o lu t ion to the problem. :
A s im ila r  model of expert programming behaviour has re c e n tly  been 
proposed by Shneiderman (1 9 8 0 ). I t  is  c a lle d  a 'S e m a n tic /S y n ta c tic ' 
model and c h a ra c te r ize s  programming a c t iv i t y  in  terms of a problem  
understanding phase, fo llow ed  by a p lanning phase. In th e  understanding  
phase the problem is  represented  in working memory in  terms of i n i t i a l  
and goal s ta te s . In the p lanning phase general approaches to  the  
problem are generated ( i . e . ,  semantic knowledge is  brought to  bear) and 
these approaches are  subsequently re f in e d  and code is  generated ( i . e . ,
^ ^  s y n ta c tic  knowledge is  a p p lie d ) . The im portant resemblance to  Brooks'
model is  th a t p lanning knowledge (= method f in d in g )  is  brought to bear 
only a f t e r  a re p re s e n ta tio n  of the problem has been constructed  in
■ .......
In summary, both Brooks and Shneiderman separa te  the  processes of 
problem u n derstand ing / and subsequent problem s o lv in g  processes, and 
both discuss only programming by e x p e rts . ; In te r e s t in g ly ,  n e ith e r  of 
these researchers  mention a ro le  fo r  knowledge o th e r than domain
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Knowledge in  th e ir  th e o rie s  o f problem so lv in g  by computer programmers.
In Chapter 7 , a model o f problem so lv in g  behaviour a p p lic a b le  to  
both expert and novice computer programmers w i l l  be presented.. In  
c o n tra s t to  the th e o rie s  described above, the model to be presented
p o s its  th a t s o lu tio n  processes come in to  o p era tio n  a t th e  same tim e as
■ -  ■
problem understanding processes. That is ,  understanding and s o lu tio n  
processes are  presumed to co -occur.
2 .5  TRANSLATION BETWEEN PROBLEM AND PROGRAM REPRESENTATIONS
The fin d in g s  suggest th a t a major d if fe re n c e  between novice and 
expert computer programmers is  the tra n s la t io n  from a completed problem  
re p re s e n ta tio n  in to  code. For in s tan ce . Brooks, in  h is  massive study of 
the coding behaviour of an expert programmer, suggests t h a t ,  g iven an 
adequate re p re s e n ta tio n  of the problem, p lus a b rid g e , or method fo r  
t ra n s la t in g  the re p ré s e n tâ t ion in to  a programming language / coding  
i t s e l f  is  f a i r l y  non -p rob lem atic . Most of the hard work during  th is  
phase o f programming has to  do w ith  updating the contents o f Long Term 
Memory so th a t the programmer can keep tra c k  o f v a r ia b le  names, and so 
fo r th . In  c o n tra s t, the evidence review ed above suggests th a t  novices  
may have considerab le  d i f f i c u l t y  in designing a program which a c c u ra te ly  
r e f le c ts  the problem model they have in th e ir  minds. The reasons fo r  
th is  may be v a rio u s , and presumably are  d i f f e r e n t  fo r  d if fe r e n t  
programmers.
One p o s s ib i l i t y  is  th a t novices, having l i t t l e  programming
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experien ce , have in te r n a l ized very few idea l programs which they can 
draw upon in designing new programs. Or i t  may be th a t  although they  
have in te rn a liz e d  an adequate s to re  o f such programs -  adequate, th a t  
is ,  to  so lve a given problem -  access to the a p p ro p ria te  knowledge is  
not d riven  by elem ents of the problem s ta tem en t. Or i t  may be th a t the 
novice does not th in k  to  combine knowledge fragm ents. For example, 
consider a novice who can w r ite  a program in vo lv in g  subprocedures, 
because he remembers examples from th e  Programming M anual. He a lso  
knows how to  w r ite  re c u rs iv e  procedures. But g iven an adequate 
re p re s e n ta tio n  o f the problem,: he f a i l s  to  f in d  an id ea l s o lu tio n  
because i t  does not occur to  him to combine what he knows about 
recu rs io n  w ith  what he knows about using subprocedures. Schoenfetd  
(1980) has shown th a t  c o lle g e  students can be shown to have knowledge 
necessary to  so lve  mathematics problems, and yet o fte n  f a i l  to use th a t  
knowledge to so lve problems.
I t  is  a lso  p o ss ib le  th a t  novices sim ply f a i l  to  achieve an adequate 
re p re s e n ta tio n  o f the problem, a re p re s e n ta tio n  on which a s a t is fa c to ry  
s o lu tio n  could be based. They may f a i l  to  achieve such a re p re s e n ta tio n  
^  j  because they th in k  in terms of the programming language they are  us ing .
Odd elements of programming knowledge may c o n tr ib u te  to the c o n s tru c tio n  
of a problem re p ré s e n ta i ion which then is  re s is ta n t  to  change.; Let me 
i l lu s t r a t e .  In  the d iscussion above, the fo llo w in g  re p re s e n ta tio n  of 
the 'P rosecute  f i r s t ,  conv ic t o th e rs ' problem model was g iven .
w orksfor worksf or
LIDDY ---------------— >M I TCHELL— — — — --------------- >NIXON
I . : . : : , . :
I I : . :
I I isa !
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FIGURE 2 .1 5
The re p re s e n ta tio n  has a strong  q u a lity  o f c losure  about i t ,  
suggesting something whole, complete in i t s e l f .  I t  suggests a program  
which should be re a liz e d  in a s in g le  procedure. D303 s tudents  are  
taught to  w r ite  re c u rs iv e  procedures to  propagate 'a n ' in fe re n c e , such 
as ' / X /  HAS FLU '. The problem invo lves the in feren ce  ' / X /  IS GUILTY'. 
The problem statem ent p o in ts  to  an example program th a t might be 
im ita te d , and the example program does not co n ta in  a subprocedure. The 
s o lv e r a c tu a lly  wants to  c re a te  a program th a t makes two in fe ren ces , one 
th a t Llddy is  g u i l ty  because he is  a b u rg la r , and the o th e r th a t  
associa tes  of Liddy (and of L id d y 's  asso c ia tes ) are  g u i l t y  by reason of 
th e ir  re la t io n s h ip  w ith  one an o th er. But he has represented  the problem  
as one in which on ly  a s in g le  in fe ren ce  is  re q u ire d , and Nixon are  
g u i l t y .
Arguably, a b e t te r  re p re s e n ta tio n  o f what the programmer wants to  
ach ieve , g iven th e  'P rosecu te  f i r s t ,  co n v ic t o th e rs ' model, is  th is :
worksf or w orksfor
LIDDY- ->M I TCHELL- 
I
->NIXON
«
I isa  
:
I — BURGLAR
is  I is  I is
•>GUILTY ■>TliPLTCATED<-
FIGURE 2 .1 6
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The in le r p r e la i io n  o ffe re d  fo r  the data  presented in  th is  Chapter 
argues th a t novices a re  capable o f re -re p re s e n t ing a; problem once they  
run in to  d i f f i c u l t i e s /  but th a t an optim al, re p re s e n ta tio n  is  not 
achieved. Faced w ith  the 'e a r ly  te rm in a tio n ' problem / the p ro je c t  
students seem to id e n t ify  the 'b u g ' as 'n o n -eq u iva len ce  o f  p a t te r n s ': 
Liddy is  a b u rg la r , but M itc h e ll and Nixon a r e n 't .  I f  they were a l l  
' th e  same' the e a r ly  te rm in a tio n  problem could be overcome. A 
re p re s e n ta tio n  o f  the 's te re o ty p e  model is  th is :
w orksfor w orksfor
■ I ■ : ^  ;
I V I I
isa I isa  I ! isa
: ' r : i
I  --------------------------------— >WHATEVER<— — ------- —  —  j
I  -------------------------------------— >GUILTY<-—   —  I
V FIGURE 2 .1 7
end 1 i t é r a i  ; .sp 2 
An advantage to such a re -re p re s e n ta tio n  o f  the problem is  th a t the  
s o lu tio n  only invo lves  a change to the database: th e  c re a tio n  o f  
stereo types  (see sec tio n  2 .3 ,  above). The fin d in g  suggests th a t  novices  
f in d  i t  e a s ie r  to mould th e ir  data s tru c tu re s  to  programs th a t  are  not 
q u ite  r ig h t  than to  debug a program which T a i ls  to r e f le c t  th e ir  
in te n tio n s  in w r it in g  i t .  Indeed, databases are  o fte n  more in fo rm a tiv e  
of the p ro je c t s tu d en ts ' in te n tio n s  than th e ir  programs. H ere 's  a la s t  
example of a program from one of the p ro je c t s tudents:
.sp 1 ;.1  i t é r a i  
TO IMPLICATE / X /
1 PRINT " I'V E  CAUGHT " / X /  M
2 NOTE / X / — IS— >GUILTY
3 PRINT "WHOM DOES " / X /  "WORK FOR?"
4 CHECK / X /  UORKSFOR >?
4A I f  P resent: IMPLICATE *;E X IT
4B I f  Absent: PRINT "NOBODY, SO THE CASE IS CLOSED",-EXIT 
DONE
FIGURE 2 .1 8
The s tru c tu re  is  the f a m i l ia r  USE; GNO/S program th a t
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a u to m a tic a lly  makes everybody g u i l t y  o f something. Here is  the database 
th a t was designed to  go w ith  the program: s
ANN IE . . .  ISA. . . DRUGADDICT
I
1. ..BECOMESA...PROSTITUTE 
I
1...UORKSFOR...TRAVIS  
TRAVIS.. . ISA. ..PUSHER
: Î ■ I :  ^
1...UORKSFOR...INGRAM 
INGRAM.. . IS A .. .SUPPLIER
1. . .UORKSFOR.. . JACKSON 
JACKSON.. . ISA...MANUFACTURER
programs of the type discussed in  th is  Chapter; the o v e ra ll s tru c tu re  
of the p ro je c t problem has been taken over w ho lesale . F i r s t  o f a l l  
th e re  are  the h ie ra rc h ic a l re la t io n s h ip s  between the various  a c to rs  in  
the devised drama: K
X . . . IS A .. .<som eth ing-low -dow n-on-the-scale>
■ 1 :
I . . .  UORKSFOR V
Y . . . IS A .. .< m id d le - lin k -s o r t>
1  : -  :: ■ I ■
J  I . . . UORKSFOR....Z
Z . . . IS A .. .< s o m e th in g -h ig h -u p -in -th e -s c a le >
The s tru c tu re  provides a sim ple framework w ith in  which the student 
can th in k  about the problem in hand, but on ly  up to a p o in t . The
program outputs 'ANNIE IS GUILTY', 'TRAVIS IS GUILTY', 'INGRAM IS 
GUILTY', and 'JACKSON IS GUILTY'. Of what: can Annie p o ss ib ly  be g u ilty ?  
Presumably the quest ion occured a lso  to  the student who designed the
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program and:the  database. A drug a d d ic t works fo r  a pusher the way a 
man w ith  cancer works fo r  a d o c to r. 'ANNIE BECOMESA PROSTITUTE' is  
in s e rte d  to  ju s t i f y  the UORKSFOR re la t io n s h ip  l in k in g  her to  TRAVIS. 
Annie is  a drug ad d ic t who becomes a p r o s t itu te  -  presumably to  support 
her h a b it .  The database i t s e l f  does not c le a r ly  r e f le c t  what the  
student a c tu a lly  knows, but even less  does the program r e f le c t  what the 
student 'm e a n t'. Both in the design o f databases and programs, the  
m a jo rity  of p ro je c t students show what Nelson, e t . a l . have ca l led  a 
"developmental tim e lag  between comprehension and production" (Nelson, 
R escorla & G ruendel, 1978).
CHAPTER 3
THE ORGANIZATION OF PROGRAMMING KNOWLEDGE
o 3 .1  INTRODUCTION: In Chapter 1 the concept r e c a l l  iasK  o f  McKeithen e t
a l .  was described . They found th a t th ere  was a c o r re la t io n  between
-
p a r t ic u la r  o rg a n iza tio n s  o f  concepts in memory and s k i l l  leve l.: experts
shared c e r ta in  chunks; novices and in te rm ed ia tes  shared a few chunks 
w ith  e x p e rts , but not w ith  one an o th er. The argument made by McKeithen 
e t a l .  was th a t th ere  is  something about the mental o rg a n iza tio n  of 
concepts th a t produces performances o f  one type or an o th er. This  
argument is  p la u s ib le ,:  and worthy of co n s id erab le  te s t in g . In  th is  
Chapter, two d if fe re n t:  experim ents are  re p o rte d . Ue want to know 
whether novices and exp erts  d if fe r e d  in the o rg a n iza tio n s  of th e ir  
conceptual knowledge, and i f  so, how. Ue a lso  want to know how 
conceptual o rg a n iza tio n 'a n d  performance are r e la te d .  The answer to the 
f i r s t  question is  that: e x p e rts ' o rg a n iza tio n s  are  as d if fe r e n t  from each 
o th er as they are from novices. The answer to the second question  is  
th a t performance on these tasks is  not a good p re d ic to r  o f  novice  
programming, perform ance.
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3 .2  A CONCEPT SORTING TASK.
In order lo  determ ine th e  o rg a n iza tio n  o f SOLO urards, and o f 
concepts more g e n e ra lly  re la te d  to  computing, a s o rtin g  task was 
designed. In o rder to  v a lid a te  the data  generated , a second task , based 
on the Reitm an-Reuter fre e  r e c a l l  paradigm, was performed by the 
Subjects  tak in g  p a rt in the S o rtin g  ta s k . The concept s o rtin g  task and 
re s u lts  w i l l  be described in the re s t of th is  s e c tio n . In the next 
sec tio n  the concept r e c a ll  task and re s u lts  w i l l  be described .
Fo llow ing  th a t ,  the r e la t io n  between the s o rtin g  and the concept r e c a l l  
tasks w i l l  be described and the re s u lts  from the two experim ents w i l l  be 
compared.
The concept s o rtin g  technique re q u ire d  Subjects  to  b u ild  a 
n in e - t ie re d  h ie ra rc h ic a l s tru c tu re  o f concepts. The most general 
ca te g o rie s  in  terms of. which a sub ject is  capable of th in k in g  about SOLO 
concepts a re  a t the top of the h ie ra rc h y , and the more s p e c if ic  
ca te g o rie s  a t the bottom. An example w i l l  make th is  c le a r .  Imagine 
g iv in g  a person a l i s t  of o b jec ts  and asking him to d iv id e  them in to  two 
^  y  p i le s  and to th in k  of category names fo r  each. The person responds:
L iv in g -th in g s  and n o n -1 iv in g -th in g s . You ask him to now d iv id e  the 1 is t  
in to  th ree  c a te g o rie s , and he responds: P la n ts  and Animals and
n o n -1 iv in g -th in g s . And so you go on u n t i l  the person has c rea ted  ten  
such c a te g o rie s , each having an id e n t ify in g  la b e l .  The minimum 
requirem ent fo r  number; of concepts in each p i le  on subsequent s o rts  was 
s tr in g e n t enough to  'f o r c e '  some re s h u ff l in g  during the whole o f the  
ta s k . I t  was p red ic ted  th a t e x p e rts ' tre e s  would have an e n t i r e ly  
d if fe r e n t  s tru c tu re  from the tre e s  of nov ices . The p re d ic t io n  was based
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in the presumption th a t e x p e rts , having a good deal, more experience w ith  
both SOLO s p e c if ic  concepts and the concepts re la te d  to  computing in  
g e n e ra l, would have some idea l o rg a n iza tio n  of concepts in memory, and 
th a t th is  o rg a n iza tio n  would have an h ie ra rc h ic a l s t ru c tu re . That is ,  
i t  was expected th a t s o rtin g  the cards a t successive le v e ls  would be a 
process of breaking  up one group or another in to  two subgroups, and th a t  
th ere  would be few 'c ro s s -o v e rs ' re s u lt in g  from the requirem ent to  
produce ca te g o rie s  w ith  a t le a s t some minimum number o f cards in each.
A c ro ss-o ver is  defin ed  as the p la c in g , a t some s o rtin g  le v e l ,  of a card  
in to  a p i le  which ends up having more than one ancestor in the u n fo ld in g  
graph. I t  was p re d ic te d  th a t no v ices ' graphs would have more / 
crossovers, i . e . ,  be less  t r e e - l i k e .  The p re d ic tio n  was based in the  
presumption th a t nov ices ' o rg a n iza tio n s  would not be h ig h ly  s tru c tu re d  
and th a t many 'c ro s s -o v e rs ' would occur a t the d i f fe r e n t  le v e ls  of 
s o r t in g .
METHOD: Subjects were g iven t h i r t y  th ree  cards (4x6") w ith  one
concept name or SOLO keyword p r in te d  in the cen tre  o f each ca rd , and 
in s tru c te d  to  s o rt the cards in to  two d is t in c t  c a te g o rie s  and to provide, 
a la b e l fo r  each of the c a te g o rie s . Each card had a d i f fe r e n t  number 
(something from 1-33) w r it te n  on the back fo r  data  c o lle c t io n  purposes. 
The words p r in te d  on the 33 cards were these:
P ro p o s itio n  For-Each-Case-Of Database In fe ren ce  Procedure E d it L is t  
E x it  Bye Done Recursion If -P re s e n t T r ip le  Node V a ria b le  W ild -C ard  
Parameter Pattern -m atch  Scope A ssociation  I te r a t io n  Next-Case sIf-Absent 
Network Symbol R e la tio n  Value Continue Check Describe Note Forget P r in t
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When the s o rtin g  and la b e l l in g  o f two ca te g o rie s  had been
accom plished, the numbers on the back o f the cards in  each group and the
la b e ls  provided fo r  the groups were w r it te n  down fo r  l a t e r  a n a ly s is .
Then the Subjects were asked to  c re a te  th ree  d is t in c t  c a te g o rie s , again  
p ro v id in g  la b e ls  fo r  each. Th is  procedure was repeated  again  and again  
u n t i l  each su b ject had c reated  ten d is t in c t  c a te g o rie s . Each tim e the ; 
su b jec ts  sorted  the cards, a minimum number o f cards fo r  each category  
was re q u ire d . On the f i r s t  s o r t ,  n e ith e r  of the two c a te g o rie s  could  
co n ta in  few er than ten concepts, the p i le s .  On the second s o r t ,  th ree  
c a te g o rie s , or p i le s ,  were re q u ire d , again w ith  a name fo r  each p i le ,  or 
categ o ry . This process was rep ea ted , w ith  one more category added a t 
each subsequent s o r t ,  u n t i l  the su b ject had crea ted  ten category p i le s .  
On d if fe r e n t  s o r ts , a d i f fe r e n t  minimum number of concepts was re q u ire d  
in any one p i le ,  the minimum requirem ents fo r  each s o rt were the 
fo llo w in g :
2 p i le s ,  10 minimum in any one p i le . .
3 p i le s ,  10 minimum in any one p i le .
4 p i le s ,  5 minimum
5 p i le s ,  5 minimum
6 p i le s ,  4 minimum
7 p i le s ,  4 minimum
8 p i le s ,  3 minimum 
 ^ 9 p i le s ,  3 minimum in any one p i le .
r  1 10 p i le s ,  3 minimum in any one p i le .
n any one p i le ,  
n any one p i le ,  
n any one p i le ,  
n any one p i le ,  
n any one p i le .
RESULTS and DISCUSSION: The novices'; graphs are  presented to g eth er
in  F igure  3 .1 .  E xp erts ' graphs are  presented in  F ig u re  3 .2 .  ; Three 
in d iv id u a l ra te rs  were asked to  s o rt the graphs. They were asked to  
look through them and to put those th a t looked a l ik e  in to  the same p i l e .  
R aters  were to ld  th ere  was no r e s t r ic t io n  on the number o f p i le s  they
S5 S6
O  S7
Figure 3.1
S13
S20
Figure 3.2
S17 819
/ W V
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could moKe. A ll th ree  r a te rs  crea ted  fo u r p i le s  o f graphs, and a l l  
th ree  ra te rs  put the same graphs in the same p i le s .  The r a t io n a le  g iven  
by one of the ra te rs  (Henry H. R eu ter, U n iv e rs ity  o f M ic h ig a n ).
1) "A sim ple top h a l f ,  a complex bottom ;" [tw o novices (S5 and S8) 
and th ree  exp erts  (S 15, S17, and 51 9 )3 .
2) "A complex top , a sim ple bottom :" Cone novice (57 ) and one 
expert (5 1 6 )3 .
3) "A complex top and bottom :" Cone novice (56 ) and two exp erts  
(513 and 520 )3 .
4) "Just a mess :" Ctwo novices (59 and 510) and one exp ert (5 1 4 )3 .  
 Iherie—is—ci-e-ai2lU-no_w_au_ojL_dJ^J.Jnauishina novices and exp e rts  in
these r e f le c t io n s  o f the com plexity  o f und erly in g  o rg a n iz a tio n s . There  
are  some in te re s t in g  fe a tu re s  to  the r e s u l t ,  h o w ever.. In  Chapter 5 , i t  
w i l l  be seen th a t 58 outperform ed a l l  the o th er novices, as w e ll as h a lf  
of the e x p e rts , on a program tra n s c r ip t io n  tasK. 55, on the o th e r hand,
w i l l  be seen to have been c o n s is te n tly  one of the worst perform ers on
the tra n s c r ip t io n  tasK . In Chapter 8 the programming behaviour o f two 
novices w il 1 be described in some d e t a i l .  One o f these, 58 , w i l l  be
seen to  be q u ite  a competent programmer on the g iven problem . The o th e r
(55) w i l l  be seen to be q u ite  d e f ic ie n t  in programming knowledge. Y e t, 
both were grouped together by a l l  r a te rs  as producing s im i la r ly  shaped 
graphs (g lo b a l assessm ent). A c lo s e r inspection  of the graphs re v e a ls  
some in te re s tin g  d if fe re n c e s , however. 5 8 's  o rg a n iza tio n s  a re  c le a r ly
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more h ie r a r c h ic a l ly  s tru c tu re d . In fa c t ,  SB's tre e  is  more 1 ike the  
graphs of Subjects 87 , S15, S16, 517, and 520, in th a t they a l l  con ta in  
polygons bounded by s ix  l in e s , and l ik e  the graphs o f  S ub jects  513, 515, 
516, and 519 in th a t they a l l  co n ta in  the ' t ie r e d  housing' s tru c tu re  so 
c le a r ly  seen in the r ig h t  hand s id e  of 5 8 's  t r e e . In  c o n tra s t , 5 5 's  
tre e  looks , by comparison w ith  almost a l l  the o th er graphs q u ite  
c h a ra c te r le s s .
The s o rtin g  data  from one of the expert Subjects  (513 , the designer  
of SOLO) was compared w ith  th a t of a l l  o th er Subjects  by measuring the  
percentage of o verlap  w ith in  c a te g o rie s  a t th ree  d if fe r e n t  le v e ls  (where 
' l e v e l '  is  equal to the number of p i le s  re q u ire d  by the s o rtin g  ta s k ) : 
le v e ls  3 , 6 , and 10. As the designer o f SOLO, 513 was considered to  be 
the ' i d e a l '  expert on SOLO. The s o rtin g  data fo r  Subjects  513 (th e  
' i d e a l '  ex p e rt) and 58, fo r  the le v e l 6 d a ta , are  g iven below. The name 
ToT~eTTclr^iïTe'giDT'^ t1iTï^ tT^as~pr'ovrded~bT3r^*h“e~ S ub^'c*t'S ~ appw rs~ fT r^T ;—iTf— — 
upper-case le t t e r s ,  and the concepts th a t were placed in  each category  
are  contained in brackets  below the category name. ;
513:
S IX  c a te g o rie s :
DATABASE FILE
(Prop. Database T r ip le  Assoc. Network)
ITERATION FILE
(F -E -C -0  Recur. P-Match I t e r . )
RUBBISH
( In f e r .  Proc. N-Case R e la tio n )
SOFT CORE PRIMS
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(E d it L is t  E x it  Bye Done I f -P r e s .  If-A b s .: Continue) 
NODE/VARIABLE
(Node V a ria b le  W-Card Par am.. Scope Symbol; Value) 
HARD CORE PRIMS
(Check Describe Note Forget P r in t )
o
SB:
SIX
c a te g o rie s :
SEMANTIC CORRELATES
(Prop. In fe r .  Assoc. Network)
FLOW OF CONTROL
(F -E -C -0  E x it Done I f -P r e s .  N-Case If -A b s . Continue Check) 
DATABASE STRUCTURE
(Database T r ip le  Node R e la tio n  Note F orget) 
ABSTRACTpROCEDURAL
(Proc. Recur. P-Match Scope I t e r . )  
NON-STRUCTURAL COMMANDS 
(E d it  L is t  Bye D escribe P r in t )  
ABSTRACTvALUES
(V a r ia b le  U-Card Param. Symbol Value)
Overlap was computed by counting the cards which were so rted  in to  
the same group by both s u b je c ts , by the fo llo w in g  ru le s . The f i r s t  
group produced by S13 was taken as the focus of a t te n t io n .  The f i r s t  
group was S13's  'DATABASE F IL E ':
DATABASE FILE
(Prop. Database T r ip le  Assoc. Network)
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The r a te r  then t r ie d  to  f in d  the best; f i t t i n g  group in  the s o rtin g  
data a t the same le v e l fo r  each of the o th er experim ental Subjects in  
tu rn . For S8, the best f i t  was w ith  th a t S u b je c t's  'SEMANTIC 
CORRELATES' group:
SEMANTIC CORRELATES ;
(Prop. In fe r .  Assoc. Network)
o
where the concepts 'P r o p o s it io n ',  'A s s o c ia tio n ' and 'N etw ork ' 
overlapped S13's  'DATABASE F ILE ' concepts. The amount o f o v e rla p , 
th e re fo re , was 3 concepts ( fo r  S8) out o f  5 (o f  S 1 3 's ) . Then a check 
was made to see i f  a b e t te r  f i t  could be achieved by matching S13's  
'DATABASE F ILE ' to o th er groups in ( fo r  th is  example) SB's d a ta . I f  no 
g re a te r  o verlap  could be found, then the two groups (S 13 's  'DATABASE 
FILE ' and SB's SEMANTIC CORRELATES' groups) would be e lim in a te d  from the  
data fo r  purposes o f  comparisons between the S u b jec ts ' o th e r groups.
The percentage o verlap  between S13 and a l l  o th e r Subjects  is  given  
in Table 3 .1 .
c LEVEL 3 LEVEL 6 LEVEL,10(Novices)
S5 79% 48% 61%
S6 67% 67% 55%
S7 48% 67% 64%
SB 67% 58% 48%
S9 64% 48% 48%
S10 73% 39% 61%
(E xp erts )
S14 61% 61% 76%
S15 73% 73% 61%
S16 52% 64% 58%
S17 67% 64% 55%
S19 61% 52% 48%
S20 73% 61% 48%
oo
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TABLE 3 .1
There were no s ig n if ic a n t  d iffe re n c e s  between novices and experts  
in  the amount o f overlap  of concepts w ith  the ' id e a l 'e x p e r t  a t any 
le v e l o f o rg a n iz a tio n . In te r e s t in g ly ,  a t both the most general le v e l of 
c o n c e p tu a liz a tio n , and a t the most s p e c if ic  ( le v e ls  3 and 10 ), S5 is  
more l ik e  the idea l expert in terms of amount o f conceptual o verlap  (79% 
and 61%) than is  SB (67% and 48%). In terms of the argument put fo r th  
by McKeithen, e t a l ,  -  th a t a c o r r o lla r y  of the a c q u is it io n  of the 
exp erts  o rg a n iza tio n s  of knowledge is  a c q u is it io n  o f the experts  
procedural s k i l l s  -  S5 should outperform  SB on vario u s  tasks such as 
program understanding, design , and so fo r th .  As a lre a d y  in d ic a te d , th is :  
is  not the case. At le v e l 6 , SB has a g re a te r  overlap  w ith  the ' i d e a l '  
expert than does S5. Perhaps th is  is  the c o rre c t le v e l from which to  
make p re d ic tio n s  about programming p o te n t ia l .  S ad ly , i t  i s n ' t .  Two
o th er S u b jec ts , S6 and S7, both have more o verlap  w ith  the ' i d e a l ' _
expert than SB, and yet S7 could not get anywhere in designing a 
program, and S6, who succeeded in  im ita t in g  a program, could not e x p la in  
the behaviour of the program she had designed. S t i l l ,  as po in ted  out in  
the In tro d u c tio n  to th is  Chapter, and in Chapter 1, the n o tio n  th a t  
d iffe re n c e s  in knowledge o rg a n iza tio n s  and s k i l l  d iffe re n c e s  go hand in  
hand is  co m p e llin g ly p la u s ib le .
As i t  turns o u t, there  is  an in te re s t in g  d if fe re n c e  between 
novices, and a re la t io n s h ip  between exp erts  and some novices in the 
s o rtin g  data : th e ir  a b i l i t y  to la b e l the concept groups 'fo rc e d ' out of
them. The a b i l i t y  to  provide la b e ls  th a t summarize the common core o f a 
conceptual, grouping is  a high le v e l s k i l l .  The comparison made here is
oPAGE 3 -10
between the novices S5 and S8, a t the s ix th  le v e l of the s o rtin g  data  
(any le v e l could have been chosen and the outcome would have been the  
sam e).
S 5 's  conceptual la b e ls  were these:
1) LOGICAL TERMS
2) INSTRUCTIONS USED AS PART OF ANOTHER PROCEDURE :
3) DESIGN PART OF DATABASE
4) DOING PART OF DATABASE
5) INSTRUCTIONS THAT CAN BE USED ALONE TO CHANGE THE DATABASE
6) INSTRUCTIONS THAT CAN BE USED ALONE JUST TO DO SOMETHING
SB's conceptual la b e ls  were:
1) SEMANTIC CORRELATES
2) FLOW OF CONTROL
3) DATABASE STRUCTURE
4) ABSTRACT/PROCEDURAL
5) NON-STRUCTURAL COMMANDS
6) ABSTRACT/VALUES
■e-dl-f-Terencss—are—c-lear-,— SB—qu-LLe—apparejQ,tXu_has a meta-1 anauage:
fo r  th in k in g  about SOLO words and more general com putational concepts, 
and many of these would be fa m il ia r  to experienced programmers -  Flow of 
c o n tro l. Database S tru c tu re , e tc . S5, on the o th e r hand, needs up to  
Ç   ^ ten words to  devise category la b e ls , and even then i t  is  not easy to  see.
what the Subject has in mind when p ro v id in g  some of them -  In s tru c tio n s  
th a t can be used alone ju s t to do something. Doing p a rt o f database, and 
so fo r th . In Chapter 7 , the problem so lv in g  behaviour o f both o f these 
S ubjects  w i l l  be discussed in considerable, d e t a i l . Of p a r t ic u la r  
in te r e s t ,  w ith  respect, to the d iscussion  here , is  th a t during  the  
problem understanding phase o f problem so lv in g  (as described  in  Chapter
7) SB begins problem so lv in g  w ith  a 'm ethod' (re c u rs io n ) which was 
a c tiv a te d  on contact w ith  the f i r s t  statem ent of the problem t e x t .
co
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whereas 55 e ith e r  remained bound to  concepts a c tu a lly  mentioned in the 
problem te x t ,  or w ith  lower le v e l SOLO words.
The s im i la r i t y  between experts  and novices demonstrated here r e a l ly  
should not be seen as a l 1 th a t s u rp ris in g .: For in s tan ce , the ,
d iffe re n c e s  rep o rted  by McKeithen, e t a l . (see Chapter 1) were la rg e ly  
d iffe re n c e s  between 'n a iv e ' ,  as opposed to 'n o v ic e ',  and expert 
programmers. In fa c t ,  the on ly  chunks shared by a l l  the exp erts  in the 
McKeithen study were 'THEN ELSE' and 'FOR STEP'. N early  9 out o f 10 of 
th e ir  exp erts  shared the chunks ' I F  THEN ELSE', ' I F  THEN', 'AND OR' and 
'FOR STEP'. A fte r  th is ,  the number o f experts  sharing  chunks drops o f f  
d ra m a tic a lly . Th is  seems not to be a very  im pressive d is t in c t io n  th a t  
can account fo r  the d iffe re n c e s  between the programming s k i l l s  of two 
d if fe r e n t  groups, e s p e c ia lly  when between 50% and 83% of a l l  the novices  
a lso  share these same chunks. The chunks ;IF-THEN, IF-THEN-ELSE, and 
THEN-ELSE,. and the o thers  mentioned here h a rd ly  c o n s titu te  a s u f f ic ie n t  
basis  on which to d is t in g u is h  novices and experts  in programming.
Pigeons can le a rn  to asso c ia te  p a tte rn s  of l ig h te d  d is c s , and novices  
can le a rn  asso c ia tio n s  between programming concepts sim ply by n o tic in g  ; 
th a t c e r ta in  of them tend to be discussed to g eth er in programming 
manuals. I f  a person stood around l is te n in g  to  mechanics in  an 
autom obile workshop fo r  a w h ile  he would be ab le  to  t e l l  you th e re  was a 
c lo s e r a s s o c ia tio n  between 'g a s k e ts ' and 'c y lin d e r  heads' than between 
'g a s k e ts ' and 'b rake  1 in in g s ' sim ply because mechanics t a lk  about 
head-gaskets and do not ta lk  about b ra k e -1 in in g -g a s k e ts .
The c e n tra l argument of th is  th e s is  is  th a t i t  is  procedural and 
not d e c la ra t iv e  knowledge which d is tin g u is h e s  novice and expert
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programmers, or a t le a s t a com bination of the two. The fa c t  th a t a 
s k i l l f u l  novice such as S8 (and the evidence fo r  the c la im  w i l l  be 
presented in vario u s  Chapters o f the th e s is ) has less  conceptual overlap  
w ith  an ' i d e a l '  expert than another novice who has almost no a b i l i t y  to  
solve programming problems suggests th a t the d if fe re n c e  between expert 
and novice should not be measured as a d is tan ce  between o rg a n iza tio n s  of 
knowledge but in terms of the in te rn a l s tru c tu re  o f the knowledge 
i t s e l f .  The d is t in c t io n  has been po in ted  to as 'knowing th a t '  and 
'knowing how '. That is ,  two novices may asso c ia te  recu rs io n  and 
i t e r a t io n ,  fo r  ins tance , but on ly  one may know when and how to  use the  
concept. Th is  is  the d is t in c t io n  we s h a l1 be looking  in to .
3 .3  A CONCEPT RECALL TASK.
To determ ine whether the data  from the s o r t in g  ta s k , rep o rted  
nabove7~aci.tja-lT-y-reT-l-ecHrGd-durabi-eT—under-l-g-i-ng-crgan-i-zat-icns— ra th e r—than- 
t ra n s ie n t , or task dependent s tru c tu re s , another study was undertaken, 
r e p l ic a t in g  a design a lre a d y  in  the l i t e r a t u r e .
The task is  a m u l t i t r ia l  fre e  re c a l l  task (MFR) based on the 
R eitm an-Reuter (1976) design , in  which o rg a n iza tio n  th a t  occurs during  
le a rn in g  is  not a v a r ia b le  of in te r e s t .  In  the Reitm an-R euter MFR task  
d a ta -c o lle c t io n  begins on ly  a f t e r  the to -b e -re c a lle d  l i s t  has been 
learned to  p e rfe c tio n  -  i . e . ,  a f t e r  a robust c o g n it iv e  s tru c tu re  has 
been constructed  over the p eriod  of le a rn in g . In  e f f e c t .  Re itman 
Reuter have e lim in a te d  the bottom-up element from m u l t i - t r i a l  l i s t  
le a rn in g . Subjects are  sim ply given the complete s tim u lus  set and are
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in v ite d  to  organ ize  the elem ents befo re  try in g  to commit them to memory. 
The technique is  top down from the f i r s t  r e c a l l  t r i a l .  The method 
re v e a ls  the chunks of knowledge which in d iv id u a ls  possess (th e  chunk 
data  revea led  by reca lil orders was v e r i f ie d  by in te r-resp o n se  itime d a ta , 
and in t u i t iv e ly  from knowledge of the domains of knowledge used in the 
d if fe r e n t  experim ents c a rr ie d  out by Reitman R eu ter, and by M cK eithen).
Here is  how Reitman & R ueter e x p la in  t h e ir  a lg o rith m ;
"In  fre e  r e c a l l  the su b ject trave rse s  an ordered tree ,:  
beginning a t the ro o t node, and descends the nodes u n t i l  a 
term inal item  is  reached. Upon r e c a l l in g  th a t item , he moves 
up to  i t s  immediate su p e rio r node and descends i t s  
co n s titu e n t l in k s  u n t i l  a l l  of i t s  descendent te rm in a l items 
have been r e c a lle d . The order of processing o f the
c o n titu e n ts  of any node must, of course, be co n s is ten t w ith
i t s  o rder type.. Once a l l  of th a t node's descendents have 
been re c a lle d , t ra v e rs a l, is  resumed a t the im m ediately i 
su p erio r node, and each of i t s  c o n s titu e n ts  are  descended 
u n t i l  a l l  of i t s  te rm ina l items have been o u tp u t. T raversa l 
continues in th is  fash ion  u n t i l  a l l  items of the req u ired  
set have been re c a lle d . There is  only a l im ite d  number of 
r e c a ll  orders th a t can be produced under these tra v e rs a l  
c o n s tra in ts , and the term ina l items subsumed by any node 
w il l  appear as a chunk in each of them. .' ■ _______
—Consider—ths-Gxampi-e—irree—shown in F ig . 1 th a t rep resen ts  a 
s u b je c t 's  presumed mental o rg a n iza tio n  of items A-H. The 
re c a ll  ru le  p rescrib es  th a t i f  the sub ject begins r e c a l l  
w ith  item B, he w i l l  them re c a l l  C (com pleting chunk 5 ) ,  
then item  A (com pleting chunk 2 ) ,  then D-E-F and G-H. Or i f  
the sub ject begins w ith  G, he w i l l  then r e c a l l  H (com pleting
4 ) ,  then D-E-F (com pleting 3) then e ith e r  A then B and C, or 
B and C then A (com pleting 5 befo re  2 ) .  There are  e x a c tly  16 
l in e a r  orders of the o b jec ts  th a t can be produced by such 
t ra v e rs a ls , and they a l l  p reserve the e s s e n tia l chunk 
s tru c tu re  inherent in the t re e .
The technique is  a p p lie d  to data  in the form of a se t of 
complete r e c a ll  o rd ers . To c o lle c t  a p p ro p ria te  d a ta , 
su b jects  are asked to  r e c a l l  a la rg e , w e ll- le a rn e d  set of 
items many times from many d i f fe r e n t  s ta r t in g  p o in ts . I t  is  
im portant th a t the data  include no omissions or in tru s io n s ,  
and th a t the sub ject g ive  us a sample of the v a r ie ty  of. 
orders he can produce. To induce v a r ie ty ,  on some t r a i l s  the 
sub ject is  asked to r e c a l l  f r e e ly  ( i . e . ,  s ta r t  w ith  any item  
he choses) and on o th er t r i a l s  he is  re q u ire d  to s ta r t  w ith  
a "cue" item and those th a t "go w ith  i t " .  Th is  cueing breaks  
any r e c a l l  s te reo typ y  th a t may b u ild  up in  a ses s io n , and 
encourages v a r ie ty .
From th is  set of cued and noncued r e c a ll  s t r in g s , the 
a lg o rith m  e f f i c ie n t ly  fin d s  the set of a l l  chunks and
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rep resen ts  th is  set as an ordered t re e . In  p a r t ic u la r ,  the 
a lg o rith m  re c u rs iv e ly  examines the s tr in g s  "top down" fo r  
chunks. The set of a l l  such chunks forms a l a t t i c e  which is  
then converted to  a t re e , w ith  d i r e c t io n a l i t y  in d ica ted  
where a p p ro p ria te . E q u iv a le n tly , i t  can be w r it te n  in  the 
form of an expression w ith  parentheses des ig n atin g  non- 
d ire c t io n a l chunks, square brackets  u n id ire c t io n a l chunks, 
and angle b rackets  b id ire c t io n a l chunks.
An im portant d e ta i l  o f th is  technique invo lves a p p ro p ria te  
a n a ly s is  of the cued t r i a l s .  Since the cue items may be p a rt  
of a chunk whose tra v e rs a l is  d is ru p ted  by the cueing  
process (d ire c t io n a l chunks are  p a r t ic u la r ly  v u ln e ra b le ) ,  
only th a t p a rt of a cued t r i a l  th a t is  assumed undisrupted  
should be analyzed . The d is ru p ted  and undisrupted segments 
of r e c a ll  s tr in g s  are id e n t i f ie d  in an i n i t i a l  step  of the  
a lg o rith m . F i r s t ,  the h ig h e s t- le v e l, d is jo in t  chunks -  formed 
by the subtrees of the ro o t of the tre e  induced by a l l  
r e c a l l  o rd ers , w ithout regard fo r  cueing -  a re  id e n t i f ie d .  
Second, in each s tr in g  the e f fe c ts  of cueing are  assumed to  
be lim ite d  to the h ig h e s t- le v e l chunk th a t con ta ins  the cue 
item . As a r e s u lt ,  the p a rt o f  each cued t r i a l  th a t invo lves  
tra v e rs a l of the cued subtree is  not used in the search fo r  
s tru c tu re ;  on ly  the l a t t e r  p a r ts , those in vo lv in g  n a tu ra l 
tra v e rs a l of the noncued su b trees , are  used to b u ild  a 
second tre e  whose subtrees have the d e ta ile d  s tru c tu re  ; 
induced from the noncued tra v e rs a ls . I t  fo llo w s  th a t on ly  
noncued t r i a l s  may be examined fo r  the d ir e c t io n a l i t y  of the 
ro o t ."
In the re c a n  task the Subject o rganizes h is  recalT'^bg~CT‘^ aTTTrg~ ~ 
some optimum number of; groupings of concepts, in  o rder to  make i t  e a s ie r  
to  commit them to memory. The number of groups a Subject uses to  
o rgan ize  the m a te ria l fo r  m em orization suggests the le v e l of 
c o n c e p tu a liza tio n  -  from the more general to  the more s p e c if ic  -  the  
Subject ' f e e ls  a t home w ith ' ,  i . e . ,  again using the example from the  
previous paragraph, one Subject may p re fe r  to o rgan ize  h is  r e c a l l  in  
terms of ' l iv in g - t h in g s '  and 'n o n -1 iv in g - th in g s '; another may p re fe r  to  
operate  a t the le v e l 'w i ld -a n im a ls ', 'd o m e s tic a te d -a n im a ls ', 'p e t s ' ,  
's h ru b s ', ' t r e e s ' ,  and ' f lo w e r s ' .  In the concept s o rtin g  ta s k , the 
Subject is  forced to revea l h is  o rg a n iza tio n s  a t a l l  le v e ls .  Thus, 
le v e l - s ix  o rg a n iza tio n s  ' f a l l  o u t' of the o rg a n iza tio n s  the Subject was 
forced to  make a t the f iv e  previous le v e ls .  The comparison o f  in te re s t
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is  the content o f the chunks revea led  under Reitm an-Reuter paradigm and 
the e q u iva len t chunking le v e l from th is  experim ent. For example, i f  the 
R eitm an-Reuter a lg o rith m  in d ic a te s , say, 6 chunks fo r  a p a r t ic u la r  
s u b je c t, then we want to compare the contents of those s ix  chunks w ith  
the s o rtin g  data  a t the le v e l o f s ix  c a te g o rie s . In the S o rtin g  ta s k , 
the Subject w i l l  not a r r iv e  a t h is  p re fe rre d  le v e l u n t i l  he has sorted  
the concepts a t f iv e  h igher le v e ls  o f c o n c e p tu a liz a tio n . I f  the 
contents of the chunks fo r  both tasks are  h ig h ly  c o rre la te d , then th ere  
is  on the one hand independent support fo r  Reitman and R e u te r 's  c la im  
th a t th e ir  method re v e a ls  n o n -tra n s ie n t, u n d erly in g  o rg a n iz a tio n s , and 
on the o th e r hand, there  is  support fo r  the th e s is  th a t the h igher  
le v e ls  of o rg a n iza tio n  which a re  'fo rc e d ' from Subjects  in the S o rtin g  
task are  m eaningfu l, s ince o rg a n iza tio n  a i  the p re fe rre d  le v e l f a l l  out 
of these o rg a n iza tio n s . The comparison o f  chunks is  made by tak in g  the  
number of chunks id e n t i f ie d  in the re c a l l  data and using the e q u iv a le n t
the two.
METHOD: Subjects  were asked io  re c a l l  a set o f 33 programming 
concepts and SOLO key words over 40 t r i a l s .  Each word was p r in te d  on a 
4x6 p iece of card . The e n t ir e  deck of 33 cards was s h u ffle d  and handed 
to  the sub ject w ith  in s tru c tio n s  to  le a rn  the words so th a i  he could  
p e r fe c t ly  re c a l l  a l l  of them from memory.: I t  was suggested th a t a good
s tra te g y  would be to base le a rn in g  around the c re a tio n  of a number of 
ca te g o rie s  in to  which the vario u s  words could be f i t t e d .  When the  
sub ject was ab le  to r e c a ll  a l l  the words tw ice w ithout e r r o r ,  s ta r t in g  
wherever he l ik e d , the experiment proper began. Over 33 o f the next 38 
t r i a l s  the sub ject was given a d i f fe r e n t  word to  begin r e c a l l  from, and
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asked to  r e c a l l  a l l  the words th a t 'went w ith ' the g iven word and then 
to  r e c a l l  a l l  the rest: of the words. On the rem aining 5 t r i a l s  the 
su b ject was asked to r e c a l l  the words in any order he wished. I f  the 
su b jec t made an e r ro r  on any o f the t r i a l s ,  th a t t r i a l  was repeated  a t  
the end of the 38 t r i a l s .  In  a l l ,  s ix  exp erts  and f iv e  novices took 
p a rt in the experim ent. Each Subject was tes ted  s e p a ra te ly . A ll  
r e c a l ls  were recorded on a u d io -c a s s e tte  tape fo r  la t e r  t ra n s c r ip t io n .
RESULTS; Ordered tre e s  were derived  fo r  a l l  S u b jec ts , using the 
Reitman Rueter a lg o rith m  (th e  program was supp lied  by R ueter,
U n iv e rs ity  of M ich ig an ). Then, a Chi square a n a ly s is  was performed fo r  
each sub ject using both the R ecall and the S o rtin g  d a ta . For purposes 
of i l lu s t r a t io n  o f the a n a ly s is  technique,, here are  the chunks 
id e n t i f ie d  by the Reitman Rueter a lg o rith m  fo r  S7 -  6 in  a l l . .  The 
square brackets  in d ic a te  u n i-d ire c t io n a l chunks; the round brackets  
in d ic a te  n o n -d ire c tio n a l chunks;:_and_ibp-2ranni-o-h»^r!r>vof«^— ---------- r
b i -d ir e c t io n a l  chunks.
1: [DATABASE (TRIPLE NODE NETWORK) PROPOSITION ASSOCIATION RELATION]
2: [PROCEDURE NOTE (CHECK PRINT LIST DESCRIBE) EDIT FORGET]
3: [<IF-ABSENT IF-PRESENT> CONTINUE EXIT BYE DONE]
4: [RECURSION < ITERATION INFERENCE)]
5: [PARAMETER WILDCARD PATTERN-MATCH SYMBOL VALUE VARIABLE] :
6: [FOR-EACH-CASE-OF NEXT-CASE SCOPE]
Since 6 chunks are in d ica ted  in the re s u lts  from the R ecall ta s k , the
eq u iva len t 6 th  le v e l of the S o rtin g  data  was used fo r  comparison. Th is
s ix th  le v e l s o rtin g  data is  presented im m ediately below the chunk data
d erived  from the R ecall d a ta .
The o rg a n iza tio n s  a t the 6 th  le v e l o f  the S o rtin g  data  were:
Level 6 = S IX  CATEGORIES:
DATABASEPILE 
Prop. Database T r ip le  Node Network
oPAGE 3-17
INFERENCE PILE
F-E -C -0  In fe r .  Recur. I f -P r e s .  H e r .  If -A b s .
PROCEDURE-PILE 
Proc. E d it L is t  Check Describe Note Forget P r in t  
COMMAND-PILE 
E x it  Bye Done Continue 
PATTERN-MATCH-PILE 
V a ria b le  U-Card P-Match Symbol Value  
RUBBISH-PILE 
Param. Scope Assoc. N-Case R e la tio n
The degree o f a s s o c ia tio n  between the chunks rev e a le d  by the two 
d if fe r e n t  tasks is  very high (Chi squared = 2 5 .5 5 7 , p < .001; the 
C o e ff ic ie n t  of A ssociation  is  C = 0 0 .6 6 ) .  The data  from a l l  Subjects  
were tre a te d  in the same manner, and fo r  a l l  analyses the s ig n if ic a n c e  
was always b e tte r  than p < .0 2 5 . The a n a ly s is  in d ic a te s  th a t the 
S o rtin g  technique d isc lo ses  o rg a n iza tio n s  s im ila r  to those d isc losed  
u s in t the Reitman Rueter technique, p lus o rg a n iz a tio n a l in fo rm atio n  a t 
a number of o th er le v e ls ,  both above and below th a t which is  revea led  by, 
the R ecall ta s k . The advantage of using the S o rtin g  task is  th a t i t  is  
much less  ted ious or exasperating  than the m u l t i - t r i a l  free_reca l_ l—W sk—
Considerable overlap  of conceptual o rg a n iza tio n s  between the 
members of the d i f fe r e n t  s k i l l  groups does not mean th a t novices and 
experts  know the same th ings  -  in fa c t ,  the re s u lts  suggest th a t even 
exp erts  between them do not know the exact same th in g s . The re s u lts  do 
suggest that, a t a su rface  le v e l ,  the le v e l o f re p re s e n ta tio n  of e x te rn a l 
re la t io n a l  s tru c tu re s ,; novices and exp erts  are  q u ite  a l ik e .  When 
novices reach the p o in t a t which they can f a i r l y  s u c c e s s fu lly  p a rro t  
more experienced programmers, d i f fe r e n t  methods are  necessary to  
discover what they know and what, they yet have to le a rn .
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DISCUSSION: O ften , the tasks se t up to determ ine what i t  is  th a t
d is tin g u is h e s  novice and expert programmers are  not 'c u ltu r e  f a i r ' ,  
favo u rin g , as they do, the knowledge of expert programmers. Such tasks  
can on ly  teach us the obvious: experts  know more than novices. Ue
should not need to be taught th a t lesson over and over ag a in . Uhat we 
need to know is  what the novice can do and what processes are  brought to  
bear in the doing. The rem aining Chapters in th is  th e s is  are  attem pts  
to  b rin g  novice programming behaviour w ith in  the f i e ld  o f v is io n , to t ry  
to understand them in th e ir  own term s. Sometimes in fo rm atio n  can be 
gained by comparing novices w ith  e x p e rts , but o th er tim es the best 
source of in fo rm atio n  about novices is  gained by looking  a t th e ir  
in d iv id u a l perform ances. Both of these approaches w i l l  be attem pted in  
the fo llo w in g  C hapters.
oCHAPTER 4  
MODELS OF RECURSION
4 .1  INTRODUCTION
The task discussed in  th is  ch ap ter was d e s ig n ed :1) to  te s t  the  
hypothesis th a t novices and exp erts  d if fe r ;  in terms of t h e ir  re s p e c tiv e  
models of recu rs io n  as a process, and, 2) :to t r y  to  d is c r im in a te  the ,
The conceptual model presented to  s tuden ts  in the D303 Programming 
Manual d e fin es  recu rs io n  as a process th a t is  capable o f t r ig g e r in g  new 
in s ta n t ia t io n s  o f i t s e l f ,  w ith  co n tro l passing forw ard to  successive  
in s ta n t ia t io n s  and back from term inated  ones. Th is  is  the model o f the  
re c u rs iv e  process that; exp erts  are  hypothesized to  have. A g raph ic  
re p re s e n ta tio n  of the model provided in the Manual i s  dep ic ted  in  F ig u re
4 .1
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FIGURE 4 .1 .  A graph ic  d e p ic t ion o f  the 'C o p ie s ' 
model of re c u rs io n .
S tudents, on the o th e r hand, a re  hypothesized to have a 'lo o p in g ' 
model of re c u rs io n . That is ,  they view  a re c u rs iv e  procedure as a 
s in g le  o b jec t instead  of a s e r ie s  of new in s ta n t ia t io n s , having the  
fo llo w in g  fe a tu re s :
1) an 'e n t r y  p o in t ' ,  the c o n s titu e n ts  of which are  the p ro ced u re 's  
name and a param eter s lo t ;
2) an 'a c t io n  p a r t ' ,  which is  designed to add in form ât ion to  the  
database (by way o f the 'NOTE < p a tte rn > ' in F ig u re  4>2, below );
3) a 'propagation-m echanism ' fo r  g en era tin g  successive database  
nodes and feeding the values of these successive nodes back to  the  
' f r o n t  p a r t ' ,  or 'e n t ry  p o in t ' o f the procedure. Th is  ' lo o p in g ' model 
is  i l lu s t r a t e d  in  F igure  4 .2 .
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o
>PROCEDURE-NAME : /PARAMETER/
NOTE <node> < re la lio n >  <node>
CHECK <node> < re la iio n >  < u ild -c a rd >  
IF  PRESENT: PROCEDURE-NAME * ;  EXIT
FIGURE 4 .2 .  A graph ic  d e s c r ip tio n  o f  the 'Loop' 
model of re c u rs io n .
= 'ENTRY POINT'
= 'ACTION PART'
= 'PROPAGATION- 
MECHANISM'
4 .2  THE BEHAVIOUR OF PROGRAMS PREDICTED BY THE DIFFERENT MODELS
c
The hypothesis about d iffe re n c e s  between novice and exp ert models 
of recu rs io n  was tes ted  by p resen tin g  Subjects  w ith  the Q u estionna ire  in
programs, c a lle d  SOLUTION-1, SOLUTION-2, and SOLUTION-3, re s p e c t iv e ly .  
Two of these s o lu tio n s  are c r i t i c a l  to determ in ing  d S u b je c t 's  model o f 
re c u rs io n , and in o rder to make c le a r  to  the read er the p re d ic tio n s  
being made I shal l in th is  sect ion demonstrate the reasoning processes 
presumed to occur when S ub jects  w ith  d i f fe r e n t  models o f recu rs io n  are  
confronted w ith  the c r i t i c a l  two o f the th ree  programs presented in  the  
problem s ta tem en t, or Q u estio n n a ire . The te x t o f the Q uestionna ire  is :
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PROPAGATING INFERENCES
R ecently  I needed a programme which would make the fo llo w in g  
in fe ren ce : i f  somebody 'X ' has ' f l u ,  then whoever 'X '  k isses  
a lso  has ' f l u ,  and whoever is  in fe c te d  spreads the in fe c tio n  
the person he or she k is s e s , and so .on . S ta r t in g  w ith  the 
database given in F igure  A, I needed a programme whioh would 
change the F igure  A database in to  the F igure  B database. ,
to
JOHN ISA MAN 
:
1 . . . KISSES MARY
MARY ISA WOMAN 
I
{...K IS S E S  T IM i
TIM ISA MAN 
I
I . ..KISSES JOAN 
JOAN ISA WOMAN
JOHN ISA MAN
...K IS S E S  MARY
. . .HAS FLU
MARY ISA WOMAN
...K IS S E S  TIM
...H A S  FLU
TIM ISA MAN
...K IS S E S  JOAN
...H A S  FLU
JOAN ISA WOMAN 
I
 FI 11
o
Figure  A F ig u re  B
I have been provided w ith  th ree  s o lu tio n s  to: the problem,: a l l  
c a lle d  'TO INFECT / X / '  and these are  la b e lle d  SOLUTION-1,: 
SOLUTION-2, and SOLUTION-3^ below. I want you to consider each 
programme in tu rn  and say (A) whether, or not the programme w i l l  
do what I want i t  to do, and (B) i f  i t  w i l1,. say how i t  does i t  
( in  your own w ords), o r , i f  i t  w on't,; say why i t  d o esn 't (ag a in  
in your own w ords).
SOLUTION-1:
TO INFECT / X /
1 CHECK / X /  KISSES ? 
lA I f  P resen t: NOTE *  HAS FLU 
IB I f  Absent: ; EXIT  
DONE ;
EXIT
SOLUTION-2:
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TO INFECT / X /
1 NOTE / X /  HAS FLU
2 CHECK / X /  KISSES ?
2A I f  P resen t: INFECT *  ; EXIT  
2B I f  Absent: EXIT
DONE :
SOLUTION-3:
TO INFECT / X /
1 CHECK / X /  KISSES ?
lA I f  P resent: INFECT CONTINUE
IB I f  Absent: CONTINUE :
2 NOTE / X /  HAS FLU 
DONE
o "
Please w r ite  your answers on the pages provided o v e r le a f .
Thank you fo r  coopérât ing .
FIGURE 4 .3 .  The f u l 1 te x t o f the Q uestionnaire  ta s k .
SOLUTION-1 w i l l  not achieve the re q u ire d  e f f e c t .  As may be seen>:
i t s  outcome would be to  add 'HAS FLU' to  the node MARY a f t e r  which the
procedure would be te rm in ated . SOLUTION-2 and SOLUTION-3 would both  
achieve the re q u ire d  output database. SOLUTION-2 works by ; 
s id e -e f fe c t in g  the database on the node f i r s t  g iven as the argument to  
INFECT (= JOHN), and then gen eratin g  the next node on the 'K ISSES' l i s t ,  
which tr ig g e rs  the re c u rs io n . SOLUTION-3 works by c re a tin g  a s ta c k  of 
^  J b indings fo r  / X / ,  i e . (JOHN MARY TIM JOAN) and s id e —e ffe c t in g  each on
re tu rn  from the re c u rs iv e  c re a tio n  of the l i s t  ( i . e . ,  s id e -e f fe c ts  the
1 is te d  nodes in reverse  o r d e r ) .
4 .2 .1  The E ffe c ts  o f Running the Programs Under the Copies Model 
'C o p ies ' model o f re c u rs io n , and the model; hypothesized fo r  s tuden ts  the
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'Loop' model o f re c u rs io n . Consider programs SOLUTION-2 and SOLUTION-3 
from the p ersp ec tive  o f e i th e r  model.
A person possessing the  Copies model; should s e le c t  SOLUTION-2 and 
SOLUTION-3 as programs th a t would achieve ;tho intended re s u lts .  F igures
4 .4  and 4 .5  provide a g raph ic  d is p la y  o f the reasoning process which the 
Copies model was designed to  in c u lc a te , fo r  SOLUTION-2 and SOLUTION-3 
re s p e c t iv e ly .
F igure  4 .4  shows the f irs tV tw o  in s ta n t ia t io n s  o f the INFECT 
procedure. The param eter s l o t , : a t the f i r s t  in s ta n t ia t io n  (marked (1 ) 
in the f ig u r e ) ,  has the v a lu e , 'JOHN'. At the f i r s t  s tep  o f the  
procedure, the node 'JOHN' is  s id e -e ffe c te d  by the a d d it io n  o f the 
d e s c rip tio n  'HAS FLU'.i At the second s te p , the w ild -c a rd  p a tte rn  match 
succeeds, b ind ing  'MARY' to  the w ild -c a rd  v a r ia b le ,  and a t step  2A a new 
in s ta n t ia t io n  (marked (2 ) in the f ig u re )  of the INFECT procedure is  
t r ig g e re d . The same process is  repeated each tim e the pat tern-m atch  
succeeds. Ascent from the reours ion  is  in d ic a te d  by the backwards 
p o in tin g  arrows in  the f ig u re , dem onstrating when each in s ta n t ia t io n  is  
te rm in a ted . ;
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(1 ) ■
I INFECT JOHN I
I I  NOTE JOHN HAS FLU I (2 )
12 CHECK JOHN KISSES ? (= MARY) I
I 2A I f  P resent: INFECT *  ; EXIT I I - —  -------- — — — .
I 2B I f  Absent: EXIT + I I INFECT MARY
IDONE 1 I I I  NOTE MARY HAS FLU
I ------------------------ — — —  I— I 12 CHECK MARY KISSES ? ( = TIM) I
I I 2A I f Present : INFECT *  ;i EXIT I
I I 2B I f  Absent: EXIT Î + I
I IDONE ! I I
FIGURE 4 .4 .  The behaviour o f the SOLUTION-2 program under the  
Copies model o f re c u rs io n .
F igure  4 .5  shows the la s t  and pen u ltim ate  in s ta n t ia t io n s  o f the  
INFECT procedure given in SOLUTION-3. The unwinding o f the recu rs io n  is  
term inated  ( in  (4 ) )  when the w ild -c a rd  p a tte rn  match (CHECK JOAN KISSES 
?) f a i l s .  The ' I f  Absent' branch of the c o n d itio n a l con ta ins  the 
in s tru o t ion to co n tin u e , and s tep  2 re s u lts  in s id e -e f fe o t in g  the node 
'JOAN' w ith  the d e s c rip tio n  'HAS FLU'.; Control is  then re tu rn ed  to the  
flow  of co n tro l statem ent a t step  lA o f the previous in s ta n t ia t io n ,  ( 3 ) ,  
and the re s u lt  is  th a t the node 'T IM ' is  s id e -e f fe c te d  a t s tep  2 . The 
same process occurs fo r  the two previous in s ta n t ia t io n s , of course.
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(3 )
I INFECT TIM I
I I  CHECK . . .  !
IIA  I f  P resent: CONTINUE K -  
I IB .....: , I :
12 NOTE TIM HAS FLU I
IDONE
(4 )
I INFECT JOAN
I I  CHECK . . .
IIA  I f  P resen t: . . .
I IB I f  Absent: CONTINUE 
12 NOTE JOAN HAS FLU 
IDONE :
FIGURE 4 .5 .  The behaviour o f the SOLUTION-3 program under the  
Copies model o f re c u rs io n .
4 .2 .2  The E ffe c ts  o f  Running the Programs Under the Loop Model
F igures 4 .6  and 4 .7  d ep ic t the o p era tio n  o f  the Loop model in  
reasoning about SOLUTION-2 and SOLUTION-3,: re s p e c t iv e ly .
Cl
In F igure  4 .6 (a )  the p rocedure 's  param eter s lo t  is  f i r s t  
in s ta n tia te d  w ith  'JO HN'. At step  1, the s id e -e f fe e t  to  th a t node is  
accomplished, and a t s te p  2 the w ild -c a rd  p a tte rn  match succeeds, 
bind ing  the va lue  'MARY' to  the v a r ia b le .  : As a r e s u l t ,  a t s tep  2A 
recu rs io n  is  tr ig g e re d , which, in  terms o f the Loop model, means looping  
back to  the beginning o f  the prooedure^ tak ing  along the va lu e  o f the  
w ild -c a rd  v a r ia b le  as the new value o f the param eter s lo t .  S ince the  
param eter can con ta in  only one v a lu e , the previous va lue  is  swept a s id e , 
as in d ica ted  in F igures 4 .6 (b )  -  4 . 6 ( d ) .
FIGURE 4 .6 (a ) INFECT JOHN
1 NOTE JOHN HAS FLU
2 CHECK JOHN KISSES ? (= flARY) 
2A I f  P resent: INFECT *  ; EXIT
FIGURE 4 .6 (b ) INFECT MARY
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I— — >JOHN
1 NOTE MARY HAS FLU
2 CHECK MARY KISSES ? (= TIM) 
2A I f  P resent: INFECT *  ; EXIT
o
FIGURE 4 .6 (c )
FIGURE 4 .6 (d )
INFECT TIM  
. I
I— — >MARY
1 NOTE TIM HAS FLU
2 CHECK TIM KISSES ? (= JOAN)
2A I f  P resent: INFECT *  ; EXIT
INFECT JOAN
:
I— — >TIM
1 NOTE JOAN HAS FLU
2 CHECK JOAN KISSES ? (N IL)
2B I f  Absent: 
DONE
EXIT
FIGURE 4 .6 .  The behaviour o f the SOLUTION-2 program under the  
Loop model o f recu rs io n .; |
c
Strong, evidence fo r  possession of the Copies model would be 
s e le c tio n  o f  both SOLUTION-2 and SOLUTION-3 as c o r re c t ly  designed  
programs fo r  the task in hand, p lus  some comment on the o rder in which 
the s id e -e f fe e t  to  the database occurs when SOLUTION-3 is  run: s in ce
the s id e -e f fe e t  occurs as the recu rs io n  unwinds, one would expect anyone 
who recognized th is  fa c t would mention i t . .  S e le c tio n  o f SOLUTION-3 by 
i t s e l f  would be weak evidence, a t b e s t, fo r  possession o f the Copies  
model, un less, ag a in , some comment about the o rd er of s id e -e f fe c ts  to  
the database is  made. SOLUTION-2 should be e a s ie r  fo r  students to  
understand than SOLUTION-3, even i f  they have the Copies model:, s in ce  
SOLUTION-2 is  in a form w ith  which the s tuden ts  should be fa m il ia r :  
th is  program is  an exact copy of the program used as an example of 
re c u rs iv e  procedures in the Programming Manual. Thus, i t  would seem 
improbable th a t anyone s e le c tin g  SOLUTION-3 and r e je c t in g  SOLUTION-2
PAGE 4-10
a c tu a lly  understood e ith e r  program. In  a l l  cases> however; the  
S u b jec ts ' reasons fo r  is e le c tin g  or r e je c t in g  one and another o f  the  
programs were examined fo r  d ire c t  evidence about the model possessed.
D
The behaviour o f l th e  SOLUTION-3 program, under the Loop model, is  , 
dep icted  in  F igure  4 .7 .  In  F igure  4 .7 ( a ) ,. a t step  1 of the procedure,
' MARY' is  generated by the w ild -c a rd  p a tte rn  match, t r ig g e r in g  recu rs io n  
a t step lA . The re s u lt  of th is  is  th a t the value 'MARY' is  'fe d  back' 
to the beginning of the program.: In 4 .7 ( b ) , w ith  the new va lue  o f the
param eter s lo t  = MARY, the value: 'JOHN' is  swept as ide  and the o p era tio n  
of the procedure produces 'T IM ' . F igures 4 . 7 (c ) and 4 .7 (d )  show the  
procedure looping through the chain of 'KISSES' r e la t io n s  u n t i l  the 
w ild -c a rd  p a tte rn  match (CHECK JOAN KISSES ?) f a i l s .  At th a t p o in t  
(F ig u re  4 .7 (d ) )  the ' I f  Absent' branch of the c o n d itio n a l is  taken , and 
the node 'JOAN' is  s id e -e ffe c te d  w ith  the a d d itio n  o f the d e s c rip tio n  
'HAS FLU '.
Q
FIGURE4.7(a) INFECT JOHN
1 CHECK JOHN KISSES ? (= MARY) 
lA I f  P resent: INFECT *  ; CONTINUE:
FIGURE4.7(b) INFECT MARY i
. ' : :
I— — >JOHN 
1 CHECK MARY KISSES ? ( -  TIM) 
lA I f  P resent: INFECT *  ; CONTINUE
FIGURE 4 .7 (c )  INFECT TIM
!— — >MARY 
1 CHECK TIM KISSES ? (= JOAN) 
lA I f  P resent: INFECT *  ; CONTINUE
FIGURE 4 .7 (d ) INFECT JOAN
•>TIM
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1 CHECK JOAN KISSES ? (NULL)
IB I f  Absent: CONTINUE
2 NOTE JOAN HAS FLU 
DONE ;
FIGURE 4 .7 .  The behaviour o f the SOLUTION-3 program under the 
Loop model of recurs ion .:
1) s e le c tio n  o f SOLUTION-2 as c o r re c t ly  designed, and,
2 ) r e je c t io n  o f SOLUTION-3, e s p e c ia l ly  i f  th is  program is  re je c te d  on 
the grounds th a t on ly  JOAN would be a ffe o te d  by running th is  program.
METHOD: The f u l l  in take  o f  students (approx im ate ly  90) fo r  the
f i r s t  week of the C o g n itiv e  Psychology Summer School (J u ly ,: 1981) were 
given the Q u estio n n a irre  in F igure  4 .3  and asked to  f i l l  i t  in  a t th e ir  
le is u re  and to  re tu rn  i t  to the exp erim en ter. S tudents ' previous  
experience of programming is  not known. Nine experts  a lso  acted as 
Subjects in the experim ent [N ote  4 .1 3 . The exp erts  were Subjects  S13 -  
S20, p lus a research  a s s is ta n t, S21, who works in the psychology 
la b o ra to ry . S21 had a year o f experience in w r it in g  L isp  and PASCAL 
programs.
RESULTS: E ight of the n ine exp erts  s e le c te d  both SOLUTION-2 and
SOLUTION-3, and one (S 14) se le c te d  on ly  SOLUTION-2 as the  programs th a t  
would achieve the re q u ire d  output fo r  the Q uestionna ire  task . A ty p ic a l  
e x p e r t 's  comments were those of S17:
(Commenting on SOLUTION-2): "Yes. This procedure w i l l  transform  
the database to the re q u ire d  form from one c a l l  o f INFECT JOHN. 
I t  does th is  by NOTEing th a t the node c a lle d  as the procedure 's
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param eter, / X / ,  'HAS FLU' as the f i r s t  s te p . At the next’ step  
the database is  CHECKed fo r  a r e la t io n  lin k in g  / X /  and another 
node by the r e la t io n  KISSES. I f  such a ' t r i p l e '  is  found then 1
INFECT is  c a lle d  re c u rs iv e ly  w ith  the new node as the param eter :
/X / .  This depth f i r s t  search continues ( l ik e  a re a l in fe c t io n  “ 
although i te r a t io n  must be involved in the re a l case, but 
not here) u n t i l  the ' / X /  KISSES ? ' t r ip le  cannot be found and 
the EXIT ro u te  is  taken (back through each le v e l of recu rs io n  
to  the to p ) . Th is  s o lu t ion is  the most p la u s ib le  re p ré s e n tâ t ion i
: ■ . . . - a
of propagating in ferences  about in fe c tio n  g iven the database  
h e re ."
(Commenting on SOLUTION-3): "Yes. T h is  procedure w i l l  a lso  
transform  the database as re q u ire d  using the s in g le  c a l l  INFECT 
JOHN. I t  does it; in e s s e n t ia l ly  the same re c u rs iv e  manner as 
SOLUTION-2 except th a t here ' / X /  HAS FLU' is  added to  the database 
a f t e r  the search fo r  'KISSES ? ' has te rm in a te d .T h a t  is ,  the 
procedure recurses u n t i l  no more ' / X /  KISSES' ? t r ip le s  can be
found
and as i t  EXITs back up through the recurs ions  ' / X /  HAS FLU' is  
{^ 3  added fo r  each c a l l  o f INFECT. Th is  means o f propagating  is  less
p s y c h o lo g ic a lly  p la u s ib le  than SOLUTION-2 because o f  the high  
STS load imposed in th is  oase."
Of the 90 or so students who were given the Q u es tio n n a ire , 30 
completed and re tu rn ed  i t .  In  F igure  4 .8  the graph rep resen ts  the  
percentages of students (th e  s ta rs  on the graph) and exp erts  (th e  p lus  
signs on the graph) s e le c t ing p a rt ic u la r  programs as, c o r re c t ly  designed  
s o lu tio n s  to  the Q uestionnaire  problem.
90 I
80
70 I
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20
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>K
*
*
none prog-1 prog-1  
& :
prog-2
prog-2 i prog-3 prog-2
&
prog-3
FIGURE 4 .8  Percentage o f novices and experts  s e le c tin g  
d if fe r e n t  ca te g o rie s  of 'c o r re c t  p rogram s'.
The ac tu a l number of Subjects  represented  by these percentages  
(s tudent Subjects  on ly ) is  provided in square b rackets  fo r  each category  
of response, in  Table 4 .1 .
1) None of the programs would behave as intended [ 4 ] .
2) Only SOLUTION-1 would work C13.
3) Both SOLUTION-1 and SOLUTION-2 would achieve the intended
output database [1 3 .
4) Only SOLUTION-2 would work C163.
5) Only SOLUTION-3 would work [5 3 .
6) Both SOLUTION-2 and SOLUTION-3 would ach ieve the intended
output database [3 3 .
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TABLE 4 .1  :
Table 4 .2  shows ihe numbers o f novices CN) and exp erts  CE) who
chose e ith e r  SOLUTION-2, o r both SOLUTION-2 and SOLUtlON-3 es programs
th a t would achieve the re q u ire d  e f f e c t .  A ll  o th e r responses were 
co llap sed  in to  the category named OTHER. The d if fe re n c e  in s e le c tio n  
between novices and experts  is  h ig h ly  s ig n if ic a n t  (ch i-sq u ared  = 2 1 .4 0  p 
< . 001) .  ■
T a b le  4 .3  shows th e  num ber o f  n o v ic e s  and e x p e r ts  who s e le c t e d  o n ly  
e i t h e r  SO LU TIO N -2, o r  SOLUTION-2 and SOLUTION-3 as  c o r r e c t  s o lu t io n s  to  
th e  p ro b le m  ( t h e  c a te g o ry  OTHER has been re m o v e d ). N o v ic e s  chose  
SO LUTIO N -2 and SOLUTION-3 s i g n i f i c a n t l y  le s s  o f t e n  th a n  e x p e r ts
(c h i-s q u a r e d  = 1 0 .7 8 ,  p < . 0 1 ) .
SOLUTION-2 is  1 , 1  1
SOLUTION-2 & 3 ! 3 Î 8  1
OTHER i 11 i 0 I
c h i-s q u a r e d  w i th  2 d e g re e s  e f  fre e d o m  = 2 1 .4 0  
c o n tin g e n c y  c o e f f . -  .5 9
TABLE 4 .2  :
SOLUTION-2 ; : I 16 I : 1 | }
SOLUTION-2 8. - 3  I 3 I 8 I
ch i-squared  w ith  1 degree o f freedom = 1 0 . 7 8  
co n t. c o e f f .  = .52:
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; TABLE 4 .3
D I S C U S S I O N r e s u l t s  s u g g e s t  t h a t  ju s t  o v e r  h a l f  th e  S u b je c ts  
have a d o p te d  th e  Loop model o f  r e c u r s io n  C s e le c tè d  SOLUTION-2 and  
r e je c t e d  S O LUTTO N -3), and t h a t  o n ly  th r e e  o f th e  3 0  S u b je o ts  have  
a c q u ire d  th e  C o p ie s  model ( s e le c t e d  b o th  SO LUTIO N-2 and S O L U T IO N -3 ).
S ix  o f th e  S u b je c ts  a p p e a r to  have  u n d e rs to o d  l i t t l e ,  i f  a n y th in g , a b o u t  
any o f th e  p ro g ram s  (S u b je c ts  in  c a te g o r ie s  1, 2 ,  and 3 in  T a b le  4 . 1 ) .  
T h e re  is  a ls o  'w e a k ' e v id e n c e  th a t  a f u r t h e r  one s ix t h  o f  a l l  S u b je c ts  
have  th e  C o p ie s  model (s e le c te d :S O L U T IO N -3  as th e  o n ly  p ro g ram  th a t  
w ould  do th e  ta s k  r e q u i r e d ) .! In  o r d e r  to  d e te rm in e  m ore p r e c is e ly  how 
th e  d i f f e r e n t  S u b je c ts  th o u g h t th e  p rogram s b e h a v e d , an e x a m in a t io n  o f  
t h e i r  re a s o n s  f o r  s e le c t in g  and r e j e c t i n g  p rogram s must be e x a m in e d .
4 . 2 . 3  The E v id e n c e  F o r T he  C o p ie s  M o d e l.
Of p a r t i c u l a r  in t e r e s t  to  us f o r  th e  p r e s e n t  i s  th e  sm a ll: 
p e rc e n ta g e  (10% ) o f S u b je c ts  who th o u g h t b o th  SOLUTION-2 and SO LUTIO N -3  
3 3  w ere s u c c e s s f u l ,  in d ic a t in g  th a t  ju s t  one in  te n  o f  th e  S u b je c ts  had th e
C o p ie s  model o f  r e c u r s io n .  And even  t h i s  a s s u m p tio n  may n o t be s o u n d ly  
b a s e d . The re a s o n s  g iv e n  f o r  s e le c t in g  SOLUTION-2 and SOLUTION-3 by th e  
th r e e  S u b je c ts  w ere  th e  f o l lo w in g .
5 2 3 , com m enting on S O LU TIO N -2, th o u g h t:
Y e s , t h i s  programme w i l l  s o lv e  th e  p ro b le m , b u t w i l l  t r y  to  
INFECT a l l  b u t JOAN tw ic e ,  so S te p  2  is  u n n e c e s s a ry .
c.
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On SOLUTION-3, S23 thought :
Yes, th is  is  the c o rre c t s o lu t io n  fo r  th is  problem but I 
could be achieved more e a s ily  by Just using 'NOTE / X /  HAS 
FLU because the KISSES CHECK is  not v i t a l  to  the change, 
e .g  'JOAN HAS FLU' but does not KISS anyone. I t ' s  a 'Heads 
you w in, t a i l s  I lo s e ' f lu  s itu a t io n !
Whatever S23 might mean by h is  comments on SOLUTION-2, I am not 
convinced he understands the program a t  a l l .  Step 2 is ,  o f course, 
necessary, as i t  c a r r ie s  the re c u rs io n . An e x p lan a tio n  fo r  th is  
respondent's  m isconception th a t a l l  nodes would be s id e -e ffe c te d  tw ice  
by the o p era tio n  o f  SOLUTION-2, and th a t the "KISSES CHECK" in  
SOLUTION-3 is  unnecessary, would be p u re ly  s p e c u la tiv e  and th e re fo re  no 
exp lan a tio n  w i l l  be attem pted .
Here a re  S24's  comments on both SOLUTION-2 and SOLUTION-3:
Solut ion 2 and 3 1ooK okay but I don' t know i f  ju s t typ ing  
in causes SOLO to change the database or whether the  
o p era to r has to put in the new data -  a f t e r  which SOLO w i l l  
INFECT new nodes who are  kissed? P .S . Well I was to ld  th a t 2 
8c 3 were okay! Before th a t I was wondering how JOAN got 
in fe c te d , but looking  c a r e fu l ly  I see TIM KISSES JOAN. As my 
fa v o u r ite  sport is  jumping [ t o  co nc lus ions] I'm  not veru  
good a t A I .
S 24's  response should f a i l  to convince anyone th a t th is  S ub ject has 
any understanding o f the behaviour o f e i th e r  program.
The la s t  Respondent, S29, commenting on SOLUTION-2, and 
subsequently on SOLUTION-3, thought:
(SOLUTION-2): Yes. In fe c ts  f i r s t  argument, fin d s  l in k ,  
in fe c ts  second argument and fo llo w s  chain o f  in fe c t io n .
(On SOLUTION-3): Yes. In fe o ts  f i r s t  argument and fo llo w s  l in k  
as above. Only d if fe re n c e  is  o rder o f c a rry in g  out 
in s tru c tio n s . (And, in c id e n ta lly ,  o f in fe r r in g ; )
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Only th is  Respondent, o f  the th re e , has o convincing s to ry  to  t e l l ,  
convincing e s p e c ia lly  in h is  d e te rm in a tio n  of the order o f the  
s id e -e f fe c ts  th a t occur as a re s u lt  of running the procedures ;
SUMMARY: Three S ub jects  out of t h i r t y  s e le c te d  both 80LUTI0N-2 and
SOLUTION-3 as c o rre c t programs, which was argued to  be strong evidence  
fo r  possession o f a Copies model o f re c u rs io n . However, the  comments 
made by two of the th ree  S ub jects  cast doubts on th e ir  le v e l of 
understanding of e i th e r  o f these s o lu tio n s . In the end the data  suggest; 
th a t only one in t h i r t y  Subjects a f t e r  th e ir  i n i t i a l  t r a in in g  in SOLO 
programming, has acquired an e x p e r t 's  understanding of re c u rs io n , the  
Copies model. The 'weak ev idence ' fo r  the Copies model w i l l  be 
discussed la t e r  in th is  c h ap te r, in  a subsection on 'Odd M odels ', 
because, ra th e r  than suggest th a t more Subjects  possess the Copies model 
than in d ica ted  by the evidence examined in th is  s e c tio n , the comments 
made by the Subjects who s e lec ted  only SOLUTION-3 as c o rre c t suggest:
1) th a t many Subjects  may have acquired id io s y n c ra tic  n o tions  about 
re c u rs iv e  procedures, and 2) th a t some Subjects may have d i f f i c u l t y  even 
recogn iz ing  re c u rs iv e  procedures.
4 .2 .4  The Loop Model
Most of the S ub jects  chose SOLUTION-2 as the on ly  program th a t  
behaved as re q u ire d , which is  considered to be on ly  weak evidenoe th a t  
the Loop model has been acquired  by ju s t over h a lf  (53%) of those who 
f i l l e d  in the Q u estio n n a ire . U n fo rtu n a te ly , ag a in , most of the oomments 
made by these Subjects are  less  in fo rm ative  than necessary to  work out
(1
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th e ir  model in d e t a i l . A ty p ic a l response was th is :
Follows 3 stages o f:
NOTE a) statem ent "X has f lu "
CHECK b) consequence k isses  f lu  
INFECT c) spread o f f lu  v ia  k is s .
Only th ree  or fo u r Subjects made comments longer than a couple of 
sentences, and on ly  one of these (S 13) made spec i f  ic  re fe re n c e  to  
looping as a mechanism of re c u rs io n . (Th is  a lo n e / 4 f  course, does not 
by i t s e l f  mean th a t th is  Respondent a c tu a l ly  has the Loop m odel.)
This does so lve  the problem. When asked to in fe c t  John i t  
adds the r e la t io n  'has  f lu '  to John, checks who he k is s e s , 
loops back to  in fe c t  th a t person, no ting  f i r s t  th a t the
person has f lu  and looking  fo r  any person thatï: th is  new;
person k is s e s . I t  continues to  loop the ro u tin e  u n t i l  a l l  
the nodes th a t a tta c h  the k isses r e la t io n  have been 
in fe c te d . Th is  w i l l  change the database in  F ig . 1 to  th a t 
in F ig . 2 .
4 .2 .5  The Strong Evidence fo r  the Loop Model
SOLUTION-3 on the grounds th a t on ly  JOAN would get ' f l u .  S ince i t  has 
been argued th a t th is  ;is the strong evidence fo r  possession of. the Loop 
model, the fig u re s  in d ic a te  th a t ju s t  13% of a l l  S ub jects  have th is  
model of re c u rs io n .
Here are  some of the comments o f those who thought on ly  JOAN would 
be s id e -e ffe c te d  by the o p era tio n  o f SOLUTION-3. (Note th a t two o f the  
Subjects name 'JOAN' w h ile  i t  is  in fe rre d  th a t the o th e r two mean 'JOAN' 
by th e ir  comments).
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s? commented:
Won't work because o f sequence -  SOLO is  s h o rts ig h te d  
fo llo w s  one l in e  a t a tim e . In fe c t  John & Step la  proceeds 
to  Check Mary fo r  'k is s e s ';  fin d s  i t ,  checks Tim, then Joan. 
Only then, when "Joan k isses  ?" is  not p resen t, w i l l  s tep  lb  
a c t iv a te  step  2 & g ive  f lu  to  Joan, then s to p .J o h n , Mary & 
Tim remain f lu le s s .
S l l  commented:
No one has f lu  to begin w ith . This w i l l  sim ply check who 
k isses who, f lu  is  not passed on. I t  cyc les  through 1 and lA , 
/ X /  on ly gets f lu  i f  / X /  KISSES is  absent.
S13 commented:
This does not so lve  the problem. The program w i l l  loop i t s  
way through the database in  a s im ila r  fash ion  to  s o lu tio n  2 
but w i l l  on ly note th a t Joan has ' f l u .
S14 commented:
The procedure w i l l  search through the database re p e a te d ly  
checking who / X /  kisses? However, the procedure w i l l  not use 
the database to  note who has f lu  when kissed  by / X /  because 
of the p o s itio n  in the procedure of NOTE / X /  has f l u .  Only 
the la s t  value of / X /  w i l l  be in fe c te d .
SUMMARY: The Copies model is  not a v ia b le  cand idate  fo r  what our
students know about re c u rs io n . Only th ree  out of t h i r t y  S ubjects  on the  
Q uestionnaire  showed evidence fo r  the copies model, and two th ird s  of 
th is  evidence d id  not stand up to  s c ru t in y . On the o th e r hand, on ly  
four of the Subjects appear to have the Loop model; on the evidence of 
the strong in d ican ts  of th a t model. Thus, what the S ub jects  know about 
recu rs io n  can be accounted in  terms of e i th e r  the Copies or the Loop 
model in only f iv e  out of t h i r t y  cases. The comments o f many o f the  
Subjects  who have been c la s s if ie d  as p ro v id in g  on ly  weak evidenoe fo r
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the Loop model suggest: th a t they have acquired  something o th e r than 
e ith e r  the Loop or the Copies models, and so the weak evidence w i l l  be 
discussed in  a subsection , below, on 'S y n t a c t ic ' ,  o r  'M a g ic ' models of 
re c u rs io n .
4 .3  OTHER MODELS OF RECURSION
A p o s s ib i l i t y  n o t yet considered , o f course, is  th a t students (o r  
3 3  some of them) have no model o f re c u rs io n , or a model d i f fe r e n t  from
e ith e r  the Copies or the Loop model. Some o f  the Subjects  c le a r ly  do 
not understand recu rs io n  a t a l 1. The evidence fo r  th is  w i l l  be 
discussed in the subsection below on the 'N u l l '  model. Some of the  
evidence suggests th a t a few Subjects  have s l ig h t ly  id io s y n c ra tic  Copies 
or Loop models, and th is  w i l l  be discussed in the subsection on 'Odd' 
models. Another p o s s ib i l i t y ,  fo r  which th ere  are  fragments o f  evidence  
in the comments of some of the S u b jec ts , is  th a t th ere  is  a s o rt of 
'M ag ic ' model o f  recu rs io n  -  th a t a procedure having a p a r t ic u la r  
s tru c tu re  ju s t is  a re c u rs iv e  procedure, and i t  perform s a c e r ta in  
sequence o f o p era tio n s , although the ac tu a l behaviour o f the process is  
a complete m ystery. Th is  model w i l l  be discussed in the  subsection on 
the 'S y n ta c t ic ' ,  or 'M ag ic ' model.
4 .3 .1  The 'N u l 1 ' Model
In  th is  c lass  would f a l l  those Subjects  who sa id  th a t none o f the 
programs would work (category  1 in Table 4 .1 ) ,  and the s in g le  Subject 
who claim ed th a t only SOLUTION-1 would work (ca tegory  2 ) .  Typ ica l
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comments made by Subjects  f a l l in g  in to  these c a te g o rie s  were these:
S16:Won't work. Th is  is  because as a d e f in i t  ion o f the procedure  
" in fe c t" ,  i t  can h a rd ly  use th a t very  procedure as p a rt o f  the 
i n i t i a l  d e f in i t io n .  This would probably be re fused  by the 
computer.
S21 thought :
No. The procedure is  c y c lic  ( i . e .  i t  uses i t s e l f )  and hence 
i l l e g a l .  ; ' ;
One of the Subjects  in  category 3 (th e  weak evidence fo r  the Copies 
model ca tegory) re je c te d  SOLUTION-2 oh the grounds:
W ill not work. Fans out from / X /  i . e .  i t e r a t io n  
but se le c te d  SOLUTION-3 on the grounds:
W ill work. Goes in depth through the k is s in g , i . e .  re c u rs io n .
The Subject is  c o rre c t in the l a t t e r  statem ent but not c o rre c t in  
the form er. A po ss ib le  e x p lan a tio n  fo r  these comments i s  th a i  the 
Subject understood the behaviour of n e ith e r  program, and perhaps thought 
he was being tes ted  on h is  a b i l i t y  to  d is c r im in a te  re c u rs iv e  and 
i t e r a t iv e  processes, and ju s t made a guess. The S u b je c t's  comments on 
3  ) SOLUTION-1 o f fe r  no h e lp ; he m erely comments: "W ill not work".
4 .3 .2  The 'Odd' Model
I t  was s ta te d  above th a t the comments o f many o f the Subjeots  
c la s s if ie d  as p ro v id in g  weak evidence fo r  e ith e r  the Copies or. Loop 
model suggested th a t they had vario u s  odd notions about re o u rs io n . In  
th is  subsection some of the comments of these S ub jects  w i l l  be g iven  and
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in te rp re te d . The in te rp re ta t io n s  suggest th a t these Subjects  do have 
models of the behaviour o f the procedures g iven in  the Q u estio n n a ire , 
but because they have id io s y n c ra tic  ideas about some fe a tu re s  of the 
programs they do not c o r re c t ly  p re d ic t the behaviour of the programs.
S27 (from  category fo u r in  Table 4 .1 )  sounds as though he has the  
Copies model when ta lk in g  about SOLUTION-3:
Yes. Programme w i l l  go through In fe c t io n  process t i l l  la s t  
" person k is s in g  anybody has been found -  then w i l l  note a l l
r  1 four as having f lu .
(Note th a t S27 s ta te s  th a t the procedure recurses u n t i l  " la s t  
person k is s in g  anybody has been found" (= TIM, not JOAN). S27 then 
in d ic a te s  th a t ' a l l  fo u r ' w i l l  be Noted as having ' f l u .  Uhat S27 means 
by the f i r s t  comment is  th a t SOLUTION-3 recurses as long as the p a tte rn
' / X /  KISSES ? ' re tu rn s  a va lue  fo r  the w ild -c a rd  p a tie rn -m a tc h .)
When d iscussing SOLUTION-2, S27 has th is  to  say:
C)
No. The programme would add 2 persons who had f lu  to  the 
database, but EXIT prevents fu r th e r  in fe c t  ion 
o c cu rrin g .
An unimpeachable in te rp re ta t io n  o f S27'S; th in k in g  about these  
programs is  not p o s s ib le , but th is  la s t  comment provides us w ith  a v i t a l  
c lu e . S27 ap p aren tly  b e lie v e s  th a t s te p  2A of SOLUTION-2:
I f  P resent: INFECT *  ; EXIT  
is  read by SOLO as:
' INFECT *  and EXIT im m ediately.
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Thai is ,  the s lopping  r u le  fo r  the recu rs io n  is  not the absence of 
a p a tte rn  in  the database but the flo w  o f co n tro l statem ent 'E X IT ' .
S 27 's  model o f the behaviour of; SOLUTION-2 is  something l ik e :  :
INFECT JOHN : :
INFECT MARY and EXIT. ;
I f  so, h is  model: o f the behaviour o f SOLUTION-3 would be::
INFECT JOHN
INFECT MARY and CONTINUE [ the INFECT'processJ 
INFECT TIM  
INFECT JOAN.
The comments in d ic a te  th a t S27 has gn id io s y n c ra t ic  model) o f the 
stopping ru le  fo r  re c u rs io n , but e x a c tly  which model o f recu rs io n  the 
Respondent possesses is  im possible to  determ ine. The fa c t  th a t S27 
p o in ts  out th a t the s id e -e f fe e t  to the database w i l l  occur la s t  is  some 
evidence fo r  h is  possessing the Copies model.
Other Subjects a lso  seem to have S 27 's  p a r t ic u la r  problem about 
re c u rs io n 's  stopping r u le .  Here are  a couple o f th e ir  comments.
S I:  (Commenting on SOLUTION-2):
I t ' s  not th is  s o lu t io n , because i t  would on ly  INFECT one
S25: (Commenting on SOLUTION-2):
S o lu tio n  2 w i l l  not do the job e i th e r .  Although / X /  has f lu ,  
the EXIT in lA 8c IB stops the in fe c t io n  process.
In a l l  these cases, the n o tion  acquired  is  th a t the flo w  o f c o n tro l 
statem ent, ra th e r  than the absence of a p a r t ic u la r  p a tte rn  in  the
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database, ac ts  as the stopping r u le  fo r  re c u rs io n . R eca ll th a t in 
Chapter 2 we found th a t a number o f student programmers opted fo r  a 
'C o n tin u e  R egardless' s o lu tio n  to  the 'G u i l t  By A ss o c ia tio n ' problem.
In Chapter 2 i t  was suggested th a t students concep tua lized  the 'b u g ' in  
'T e rm in a tio n  problem ' programs d s 'u n re a c h a b le  c o d e '; and th a t some 
c h a ra c te r ize d  the fa u lt  in terms of the co n tro l statem ent 'E X IT ' w h ile  
o thers  c h a ra c te r ize d  the f a u lt  in  terms o f  the non-equivalence of 
p a tte rn s  associated  w ith  d i f fe r e n t  database nodes. The form er group, i t  
was suggested, thus changed the 'E X IT ' in s tru c tio n  on the ' I f  Absent' 
branch of a c o n d itio n a l segment to be 'CONTINUE';, the re s u lt  o f which 
would be a 'C ontinue Regard1 ess ' type o f  program.- A d i f f e r e n t  
p o s s ib i l i t y  is  th a t the 'C on tinue R egardless' programs were designed  
th a t way in the f i r s t  p la c e . 525's  comments, above, on the SOLUTION-2 
program, r e la te  te rm in a tio n  o f the program to th e  'E X IT s ' on the two 
branches of the c o n d itio n a l s ta tem en t. I t  is  po ss ib le  th a t some of our 
students th in k  th a t both branches re q u ire  'CONTINUE' fo r  the program to  
work p ro p e rly .
Among the Subjects  who have been c la s s if ie d  ds p ro v id in g  weak 
3   ^ evidence fo r  the Loop model th ere  are  d number o f comments suggesting
th a t some have a v a r ia n t o f  th a t model. For example; although on ly  four  
of the Subjects who re je c te d  SOLUTION-3 named JOAN s p e c i f ic a l ly ,  s ix  
o th er Subjects in d ica ted  th a t th is  program would succeed in g iv in g  on ly  
one person ' f l u .  Two Subjects  thought 'JOHN' would get ' f l u .  For 
example, commenting on SOLUTION-3, S10 sa id :
A ll we w i l l  get is  John has f lu  added to the database. Ue w i l l  
fo llo w  through procedure f in d in g  out: on ly  who k isses  who and 
not using the fa c t to in fe c t  anyone so the procedure is ..not 
making any in fe ren ce  a t a l 1.
oc
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H  may:be th a t the Subjects who chose 'JOHN' as the on ly  person to  
get ' f l u  have a 'm atching b ia s ' -  th a t is ,; they match the ' / X / '  in  
'INFECT / X / '  to  the ' / X / '  in  ' NOTE / X /  HAS FLU' a t the second s tep  of 
the procedure. The Subject c o r re c t ly  determ ined th a t th e  procedure 
would work i t s  way through to the end o f the chain o f 'KISSES', 
re la t io n s ,  but presumably th in k s  th a t successive values o f the w ild -c a rd  
v a r ia b le  somehow 'g e t  lo s t '  and th a t the o r ig in a l:  va lue  of the parameter;
The comments o f th ree  o th er Subjects were too obscure on the p o in t 
to determ ine which node they thought would be s id e -e f fe o te d , but they  
ap p aren tly  have some model o f the behaviour of the program, as they a l l .  
p re d ic t th a t on ly  one (o r , "at most on ly  one") node w i l l  be a ffe c te d  by 
the op era tio n  of the procedure. Here, fo r  example, is  a ty p ic a l comment 
which f a i l s  to s p e c ify  which node is  a ffe c te d :
(S30, commenting on SOLUTION-3): No, a t most on ly  one person 
gets f lu  fo r  no apparent reason.
F in a l ly ,  one S u b jec t, S15, a lso  thought on ly  one node would be 
a ffe c te d , but the c la im  was th a t i t  would be 'MARY'. Here are  S 1 5 's 
comments on SOLUTION-3:
Won't work. Only Mary gets f lu .  Only one node is  a f fe c te d .
This Respondent's comments may be based in the judgment th a t the  
design only a llow s one node to pass to  the second step  o f the program, 
plus an p r io r i  model of the spread of ' f l u  -  'JOHN' k isses  'MARY';
'MARY' is  the f i r s t  person to  get k issed ; k is s in g  can cause the spread : 
of in fe c t io n ; i f  anyone does 'g e t '  ' f l u ,  i t  should be 'MARY'.
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4 .3 .3  The 'S y n ta c tic ': , or 'M a g ic ',  Model
The p o s s ib i l i t y  to be considered next: is  th a t th e re  is  a 
's y n ta c t ic '  or 'm ag ic ' model o f recu rs io n  which a number o f our students  
may possess. A s y n ta c tic  model would be based in  the s tru c tu re  of the 
'INFECT' program (SOLUTION-2 in the Q u e s tio n n a ire ), which was used in  
the Programming Manual! as an example o f a re c u rs iv e  procedure.: Any
program having the same s tru c tu re  as the  'INFECT' program would be 
're c o g n ize d ' as a re c u rs iv e  procedure. I t  is  a 'm ag ic ' model in  th a t ,
a lthough the  student may Know what the procedure does, he has no idea
how the procedure achieves i t s  e f fe c ts .  The Magic model has both a re :
2) the d e s c rip tio n  to be added to  the va lue  o f the param eter
3) r e la t io n  names.
These v a r ia b le  fe a tu re s  are  enclosed >in q u o ta tio n  marks in  the
'PROCEDURE-NAME'i / X /
1 NOTE / X /  '< r e la t  io n l>  <node>'
2 CHECK / X /  '< r e la t io n 2 > ' ?
2A I f  Present:: 'PROCEDURE-NAME' >K ; EXIT  
2B I f  Absent: EXIT 
■ DONE
H in ts  th a t some students do base th e ir  judgments about the 
behaviour of programs in the s y n ta c tic  s tru c tu re  o f the program oome
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from many of the oomments made b y .d if fe r e n t  S u b jec ts . For example, S12 
thought :
The procedure w i l l  search through the data  base re p e a te d ly  
checking who / X /  k is s e s . However the procedure w i l l  not use 
the database to  note who has f lu  when kissed  by / X /  because 
of the p o s itio n  in the procedure o f  NOTE / X /  has f lu .
Note th a t  th is  Subject does not mention th a t one o f the nodes would 
be s id e -e f fe c te d  i f  the procedure were run but in d ic a te s  th a t none of 
the nodes w i l l  be a ffe c te d  by the o p era tio n  of the procedure. ;
S14's  comments were these:
Won't work. When a t 2 / X /  has f lu ,  i t  is  a f t e r  the event a t 
1, th e re fo re  cannot a f fe c t  i t .
S17 commented, on SOLUTION-3:
Th is  w i l l  not g ive  c o rre c t p r in to u t because the t r i p l e  / X /  has
f lu  needs to be b efo re  the Check procedure.
These Subjects  appear to  be s e n s it iv e  to the p o s it ion ;of program  
segments, and, i f  they have no model o f the ac tu a l behaviour o f 
re c u rs io n , such in d ican ts  may be v i t a l l y  im portant in  th e ir  judgments 
about programs. ;
SUMMARY: D if fe re n t  novices may acq u ire  a wide range o f models o f
processes l ik e  re c u rs io n , or may achieve no understanding a t a l l  o f such
processes, or may sim ply be ab le  to id e n t ify  a program as a member o f a 
c lass  i f  i t  has expected fe a tu re s  in expected c o n fig u ra tio n s . The bad 
news is  th a t as many as four out o f f iv e  may f a l l  in to  the l a t t e r  two of 
these th ree  ca te g o rie s  i f  the responses of th is  s e l f -s e le c t in g  group
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(th ey  chose to f i l l  in  and re tu rn  the Q u estionna ire ) a c c u ra te ly  r e f le c t  ■ 
the le v e l of understanding o f one major concept by the e n t ir e  p opu la tion  
of novices who have had l im ite d  experience o f SOLO programming.
4 .4  CONCLUSION
A range of a b i l i t i e s  is  demonstrated in  these re s u lts .  Novioes can 
be d is tr ib u te d  in to  d i f fe r e n t  c lasses according to  the in te rn a l 
^23 s tru c tu re  of the in d iv id u a l concepts they have acq u ired . The data  show
th a t a t le a s t some novices -  probably a q u a rte r -  can, a f t e r  b f a i r l y  
b r ie f  t ra in in g  p eriod  in SOLO programming,; id e n t i fy  and m en ta lly  
s im u la te  the behaviour; of re c u rs iv e  procedures. That is ,  they have 
mental models o f the way recu rs io n  behaves. The n o tion  th a t  
c o n c re tiz a t io n  of ab s tra c t concepts is  an essen tid l; component of 
successful problem so lv in g  is  suggested by the experim ental r e s u lts  of 
Mayer (1 9 8 1 ). Mayer was ab le  to show that; less  able> novice BASIC 
programmers performed b e t te r  on a v a r ie ty  of tasks i f  they were g iven a 
concrete system model b efo re  they began to le a rn  about the system . Able 
novices, in M ayer's s tudy, d id  not improve th e ir  performance as a re s u lt  
^  of being given such a model : they presumably had th e ir  own means of
d ev is in g  such models. ; Mayer a lso  discusses a fin d in g  o f Resnick & Ford 
(1980) showing th a t young c h ild re n  o fte n  invent t h e i r  own concrete  
models of processes such as s u b tra c tio n  when they are  f i r s t  introduced
The re s u lts  in d ic a te  th a t d i f fe r e n t  knowledge bases need to be 
'p lugged in ' to an adequate model of novice programming behaviour. The
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w ith  a N u ll model is  hot the novice w ith  the Loop o r  the Odd model. On 
a given task some performances w i l l  be s e v e re ly  memory dat a - l im ite d  
(Bobrow & Norman, 1975), such as those given by novices w ith  e ith e r  
N u ll ,  S y n ta c tic , or Odd models o f re c u rs io n . There w i l l  be many tasks , , 
on the o th er hand, on which some novices w i l l  perform  very  w e ll .  I f  a 
person has a mental model of a process, even i f  i t  is  a t varian ce  w ith  
the conceptual model o f the process, he w i l l  be ab le  to make p re d ic tio n s  
about the behaviour o f  the process, although perhaps not a l l  the 
behaviour, and perhaps in a c c u ra te ly  (Norman, 1982; Col 1 ins & Centner, 
1982). That is ,  s tudents who are ab le  to develop a Loop model! of 
recu rs io n  w i l l  be ab le  to design procedures in  terms of the model and ; 
understand u n fa m ilia r  programs by m en ta lly  s im u la tin g  th e ir  behaviour in  
terms of the model. More im p o rta n tly , possession o f a model provides a 
person w ith  a basis  fo r  debugging the model when confronted  w ith  a 
counterexample ( J e f f r ie s ,  1982). Thus, some novice performances may be 
in d is tin g u is h a b le  from expert performance (w ith  the p o ss ib le  exception  
of the comments made by novices and experts  about the knowledge they are  
using: experts  are n o to r io u s ly  concise , in co n tras t to  the commenting
performance o f novices (Byrne, 1977; Simon & Simon, 1 9 8 0 ). The 
terseness of the exp erts  comments has been a t t r ib u te d  to  the e x p e r t 's  
lack  of s e l f  knowledge (Sollow ay; Byrne) and to  the suggestion th a t  
e x p e r t 's  have 'co m p iled ' processes (Simon & Sim on). The two 
exp lan atio n s  may come down to the same th in g  in the end. A d if fe re n c e  
to be expected, then, is  not in  the o v e ra ll s tru c tu re  o f the performance  
between 'a b le '  novices and e x p e rts , but the length  o f the p ro toco l 
g iven , because of the copious comments o f  the nov ice , which is  
presumably po ss ib le  because the processes of the novice have not yet
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become com piled.
In chapter ? i t  w i l l  be shown how p ro v id in g  one or another o f the  
models discussed in  th is  Chapter as a Knowledge base fo r  use by problem  
so lv in g  processes would lead  to the p re d ic tio n  o f  r a d ic a l ly  d i f fe r e n t  
performances on the same problem ta s k , and in Chapter 8 we s h a ll see how 
w ell the models of performance match the ac tu a l performances of two 
d if fe r e n t  novice programmers.
o
oo
CHAPTER 5 
A TRANSCRIPTION TASK
5 .1  INTRODUCTION
Chase & Simon have argued th a t the chess e x p e r t 's  a b i l i t y  to  
reco n s tru c t a b r ie f ly  viewed c o n fig u ra tio n  o f chess p ieces from a game 
in  progress is  due to a c o r re la t io n  between the complex a tta c k , defence;, 
and o th er re la t io n s  e x is t in g  between p ieces on the board and the way a 
M aste r's  knowledge of chess p o s itio n s  is  organized ;in long term memory. 
Less ab le  p layers  have not yet o verlearn ed  these complex r e la t io n a l  
p a tte rn s , or do not even yet know of them,-- and so th e ir  d iscovery  would 
invo lve  cons iderab le  reasoning ra th e r  than s im p le ,:.au tom atic  ; 
re c o g n itio n . In the domain of computer programming,. Anderson :C1980) has 
made the p la u s ib le  suggestion th a t expert programmers have memorized a 
wide range of ' i d e a l '  programs which they are ab le  to r e c a l l  and use in  
an analog fash ion  when designing new programs. The s to re  of idea l 
programs could a lso  be used to  recogn ize  u n fa m ilia r  programs as members 
of a c lass  known to the e x p e rt. I t  fo llo w s  from th is  th a t novices, w ith  
fa r  less  experience than the e x p e rt, have been acquainted w ith  and have 
memorized fa r  fewer ' id e a l '  programs. Just as i t  has been suggested
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(Simon & Simon, 1980) th a t a s in g le  p iece  on a chess;board, ra th e r  than 
a group of p ieces and th e ir  r e la t io n s ,  c o n s titu te s  one chunk fo r  a 
novice a t chess, i t  is  a lso  p la u s ib le  to  suggest th a t something less  
than an e n t ir e  program is  the prim ary u n it  of a n a ly s is  fo r  novice  
programmers when they are  view ing a p re v io u s ly  unseen program.. In o rder 
to f in d  out what aspects of an u n fa m ilia r  program are  perceived  by 
novice and expert SOLO programmers w ith in  the f i r s t  few seconds of 
view in g , a t ra n s c r ip t io n  task was designed. I t  has been claim ed (Newell 
8c Simon, 1972) th a t what a chess Master sees in the f i r s t  few seconds of 
view ing a game in progress -  i t s  s tru c tu re  -  is  q u a l i t a t iv e ly  d i f fe r e n t  
from what is  seen subsequently. Thus, i t  is  suggested th a t the  
meaningful i n i t i a l  u n it  of a n a ly s is  fo r  exp erts  would be the s tru c tu re  
of the program. That is ,  the expert computer programmer, when 
confronted w ith  a p re v io u s ly  unseen program, would a u to m a tic a lly  a tten d  
to the o v e ra ll s tru c tu re  of the program in the f i r s t  few seconds of 
view ing and would th e re fo re  re c a l l  d e ta i ls  from a l l  the segments of a 
program. The p a r t ic u la r  program of in te re s t fo r  th is  experim ent has the  
fo llo w in g  s y n ta c tic  s tru c tu re :
TEST p a tte rn  
IF YES: <action>  ; < flo w  of co n tro l s ta tem en t>
IF NO: <action>  ; < flo w  of co n tro l s ta tem en t>
TEST p a tte rn  
IF YES: <action> ; < flo w  of co n tro l s ta tem en t>
IF NO: <a c t io n )  ; < flow  of co n tro l s ta tem en t)
TEST p a tte rn  
IF YES: <act io n ) ; < flow  of co n tro l s ta tem en t)
IF NO: < a c tio n ) ; < flow  of co n tro l s ta tem en t)
I f  the expert does a u to m a tic a lly  a tten d  to the g loba l s tru c tu re  o f  
the program, then i t  would be expected th a t he would note th a t th ere  
were th ree  'TEST' segments and should be s e n s it iv e  a lso  to the c o n tro l 
s tru c tu re  of the program. I f  the expert n o tic e s  th a t th ere  are  th ree
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'TEST' segments, he w i l l  not have to a tten d  to redundancies w ith in  the 
segment, such as the ' I F  YES:' and ' I F  NO:' prompts. (P a rt of an 
e x p e r t 's  knowledge is  th a t the 'TEST' segment is  a v e ry  s tereo typed  
s tru c tu re  and th a t c e r ta in  aspects o f the s tru c tu re  need not be attended  
to  a t a l l .  Th is c la im  could be e x p e rim e n ta lly  tes ted  by p resen tin g  some. 
'TEST' segments w ith  the ' I F  YES:' and ' I F  NO:' statem ents reversed , and 
p re d ic tin g  th a t s ig n if ic a n t ly  fewer exp erts  than novices would n o tic e  
the tra n s p o s it io n .)  Thus, fo r  the expert th ere  is  a lo t  of re tu rn  fo r  
very l i t t l e  e f f o r t .  I f  he n o ticed  noth ing more than th a t there  were 
th ree  'TEST' segments then he would be ab le  to ' r e c a l l '  21 words, where 
a 'w ord ' is  d efined  as e ith e r  a word or symbol, such as a d e l im ite r .
The expected r e c a l l  of an expert who had noted th ree  'TEST' segments 
would be:
TEST 
IF YES: 
IF NO: 
TEST 
IF YES: 
IF NO: 
TEST 
IF YES: 
IF NO:
A lso, even i f  the expert d id  not n o tic e  the ac tu a l co n tro l 
s tru c tu re  of the program, s ince i t  is  being claimed; th a t h is  ' r e c a l l '  
r e a l ly  is  a m ixture o f  actual, r e c a l1 and 'c o n s tru c tio n ' from p r io r  
knowledge, he would be ab le  to  in fe r  the co n tro l s tru c tu re  from an 
in te rn a liz e d  ideal program, and have a good chance o f  being c o rre c t even
i f  he hadn 't no ticed  any o f the co n tro l statem ents on f i r s t  v iew ing  the
program. A 'lu c k y  guess' could add as many as 6 more words to  h is
perform ance. The presum ption, however, is  th a t because the exp ert is
s e n s it iv e  to  the o v e ra ll s tru c tu re  of a program, he would n o tic e
oo
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something of the co n tro l s tru c tu re , and th a t ,  because he w i l l  not 
process redundant in fo rm a tio n , he w i l l  a lso  be ab le  to process much of 
the v a r ia b le  in fo rm ation  in the program. :
The u n it  of a n a ly s is  fo r  the nov ice , houever,; would be something 
less  than the program as a whole, perhaps as l i t t l e  as a s in g le  program 
segment. This is  not to suggest th a t novices are  b lin d , o r have tunnel 
v is io n . Although i t  is  p re d ic te d  th a t the u n it  of a n a ly s is  'fo r the 
novice would be a s in g le  segment, he would be expected to n o tic e  th a t  
there  was more to a program than the sm alt p a rt he found h im self 
a tten d in g  to on f i r s t  v iew ing the program.! P e rip h era l v is io n  alone  
might be enough to in d ic a te  th a t a second 'TEST' segment fo llow ed  the  
one being processed, and so the n o v ic e 's  f i r s t  r e c a l l  could be expected, 
to take the form:
TEST p a tte rn  
IF YES: <action>  ; < flo w  of co n tro l s ta tem en t)
IF NO: <act io n ) ; < flow  o f co n tro l s ta tem en t)
TEST 
IF YES:
IF NO:
From th is  i t  looks as though the number o f words the novice could  
be expected :to  re c a l l  a f t e r  a f i r s t ,  b r ie f  view  of the program would 
perhaps equal the  number of words in the re c a l l  of an e x p e rt who only  
noticed  th a t th e re  were th ree  'TEST' segments and c o r re c t ly  guessed 
about the co n tro l s tru c tu re . However, as has a lre a d y  been in d ic a te d , i t  
is  expected th a t the e x p e rt would n o tic e  a g reat deal more than Just the  
global s tru c tu re  o f  a program on f i r s t  v iew in g , and.so the to ta l  number, 
o f words re c a lle d  by the expert should be s ig n if ic a n t ly  g re a te r  than 
th a t of the novices. Thus, the fo llo w in g  th ree  p re d ic tio n s  were made: :
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1) The number of.segm ents re c a lle d  by the novice a f t e r  d f i r s t  
view ing of a ta rg e t program w ilT . s ig n if ic a n t ly  d i f f e r  from the number of 
segments re c a lle d  by the e x p e rt.
2) That exp erts  would r e c a l l  s ig n if ic a n t ly  more than novices on 
f i r s t  v iew ing of an u n fa m ilia r  program, measured in o v e ra ll number of 
words and symbols re c a lle d .
3) That more experts  would succeed in a c c u ra te ly  tra n s c r ib in g  the 
ent ir e  program than would novices.
5 .2  THE TRANSCRIPTION TASK
METHOD: Twelve Subjects  -  s ix  novices (S5, S6, S7, S8,: S9, and
S10) and s ix  experts  ( S13, S14, S15, S16, S17, and S20) -  were presented- 
w ith  a booklet co n ta in in g  a poem by e . e . cummings and s ix  programs. 
The programs were w r it te n  in an a b s tra c t vers io n  o f  SOLO. Three were 
re g u la r  programs, and the o th er th ree  had the words and symbols o f each 
l in e  scrambled. The poem was included a t the beginning of the booklet 
in order to provide p rac t ice t r i a l s  in which the Subjects  could  
fa m il ia r iz e  themselves w ith  the experim ental procedure. The poem and 
the th ree  re g u la r  programs (th e  f i r s t  two of which were borrowed from  
Sime, Green, Guest, 1973) are  reproduced in F igure  5 .1 ,  below.
in J u s t-
spring  when the world is  mud- 
luscious the l i t t l e  
lame balloonman
w h is tle s  fa r  and wee
and edd ieandb il 1. come
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(1 )
O
running from marbles and 
p ira c ie s  and i t ' s  
spring
when the world is  puddle-wonderful
(TEST-1)
(TEST-2)
(T E S T -3 ):
TEST t ime 1 imi ted  
IF YES: TEST-2; EXIT  
IF  NO: CONTINUE 
TEST l ia b le  to space sickness  
IF YES: astrobus; EXIT 
IF  NO: sp ace-cyc le ; EXIT
TEST conveying baggage ;
IF YES: spaceship; EXIT  
IF  NO: CONTINUE 
TEST cost l im ite d  
IF YES: TEST-3; EXIT  
IF NO: CONTINUE 
TEST d e s tin a tio n  g re a te r  than 10 orbs 
IF  YES: su p e rs ta r; EXIT  
IF NO: cosmocar; EXIT
TEST d e s tin a tio n  g re a te r  than 10 orbs 
IF YES: h yp erd rive ; EXIT  
IF NO: s a t e l1 i t e ;  EXIT
(2 )
o
(TEST-1)
(TEST-2)
TEST hard 
IF YES: TEST-2; EXIT  
IF NO: CONTINUE 
TEST t a l l  
IF YES: chop f r y ;  EXIT  
IF NO: CONTINUE 
TEST ju ic y  
IF  YES: b o i l ;  EXIT  
IF  NO: EXIT
TEST green 
IF  YES: peel ro a s t;  EXIT  
IF  NO: peel: g r i l l ;  EXIT
(3 ) TEST f l a t  has 2 bedrooms 
IF YES:: looks prom ising; CONTINUE 
IF NO: too bad; EXIT  
TEST re n t less  than 100 
IF YES:: r e a l ly  looking  good; CONTINUE. 
IF NO: too expensive; EXIT  
TEST neighbours are  f r ie n d ly  
IF YES:: keep look ing ; EXIT .
IF  NO: take i t ;  EXIT
FIGURE 5 .1 .  The p ract ice  poem and the th ree  re g u la r  programs
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used in  the T ra n s c rip tio n  task .
Each su b jec t was a lso  supp lied  w ith  f iv e  d i f fe r e n t  coloured pens 
fo r  t ra n s c r ip t io n  o f  the programs. On each t r i a l ,  during  an 
'in fo rm a tio n  e x tra c t io n ' phase. Subjects  were allow ed ten seconds in  
which to view one o f  the programs Cor the warm-up poem). A f te r  ten  
seconds. S ub jects  would tra n s c rib e  a l l  th a t they could remember from the  
in fo rm ation  e x tra c t io n  phase. Subjects  were allow ed an u n lim ite d  amount 
of tim e fo r  t ra n s c r ip t io n . When the t ra n s c r ip t io n  was completed fo r  one.
( 2 )  of the t r i a l s .  Subjects  were allow ed another view ing of the ta rg e t
program, fo r  a to ta l  of f iv e  v iew ings. The Subject was not allow ed to  
begin tra n s c r ip t io n  u n t i l  the e n t ir e  ten seconds of v iew ing time had 
elapsed. They a lso  were req u ired  to view  the program over a l l r t h e  f iv e  
t r i a l s .  On each t r i a l .  Subjects used d if fe r e n t  coloured p e n s T o r  
t ra n s c r ip t io n  purposes. Th is  procedure opens a window onto the 
d if fe r e n t  s u b je c ts ' s t ra te g ie s  fo r  e x tra c t in g  in fo rm atio n  from  
u n fa m ilia r  programs over a s e r ie s  of v iew ings , since: each t r i a l  was, as 
i t  were, co lour coded. F in a l ly , ,  i t  was s tressed  th a t Subjects should  
put down every th in g  they could remember o r  th a t they thought they  
remembered, or to guess a t what they had seen. I f  they were wrong, they  
could always score a Tine through the e r ro r  on subsequent t r i a l s  and 
w rite  in the c o rre c t  words. Subjects were to ld  th a t th e ir  task was to  
e x tra c t as much in fo rm ation  as po ss ib le  on each t r i a l ,  and not to  worry 
about e rro rs  th a t could be detected  and changed on subsequent v ie w in g s . 
The po in t of th is  in s tru c tio n  was to encourage (e s p e c ia lly  novices) to  
r e f le c t  in th e ir  r e c a l ls  what they 'knew ' as w ell as what they had 
a c tu a lly  's e e n '.  The f u l l  te x t of the in s tru c tio n s  is  given in Appendix
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For purposes o f  a n a ly s is ,, only the re s u lts  o f  the tra n s c r ip t io n  o f  
the th ird  program were used. The d ec is io n  to provide a f a i r l y  lengthy  
warm-up period  was taken fo r  the fo llo w in g  reasons. F i r s t ,  in o rder to 
combat any e f fe c ts  of ;set th a t might be e s ta b lis h e d  during  the f i r s t  
stage in which the Subjects  were sim ply (u n w itt in g ly )  being made 
fa m il ia r  w ith  the experim ental procedure., , R ecall th a t ,  in o rder to  
fa m il ia r iz e  the Subjects w ith  the procedure a poem was presented fo r  
t ra n s c r ip t io n . The standard way to read -  and thus tra n s c rib e  -  a poem 
is  to read f i r s t  the f i r s t  l in e , ;  then subsequent l in e s .  Because novices  
would be more l i k e ly  to f a l l  in to  such a s e t , g iven the n atu re  o f both 
the fa m il ia r iz a t io n  task and the n o v ic e 's  p o s tu la te d ;u n it  of a n a ly s is , a 
lengthy warm-up period  was thought to be e s s e n tia l in o rder to  be f a i r  
to the novice S u b jec ts . Second, a len g th y  warm-up period  g ives Subjects  
o p p o rtu n itie s  to le a rn , and any i n i t i a l  d iffe re n c e s  between groups 
should be s te a d ily  reduced over the s e r ie s  of warm-up t r i a l s .  ; I f ,  a f t e r  
such a p e rio d , th ere  are  s ig n if ic a n t  d iffe re n c e s  between the groups then 
the d iffe re n c e s  would seem not to  be tra n s ie n t , or task dependent.
RESULTS: Table 5 .1  shows the number of novices (N) and exp erts  (E)
(2 ^  who re c a lle d  d e ta i ls  of a l l  th re e  segments of the program on the f i r s t
t r i a l .  The exp erts  were s ig n if ic a n t ly  drawn to e x tra c t in g  s tru c tu ra l  
in fo rm ation  about the program by comparison w ith  the novices . 
(ch i-squared  -  11 .97 , p < .0 0 1 )..
ALL SEGMENTS 
NOT ALL SEGMENTS
1 I 4
5 I 2
TABLE.5 .1 .  The number of; novices and exp erts  r e c a l l in g
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in fo rm atio n  from the ta rg e t program as a whole  
or in p a r t .
o
o
*S15/%S16
S6/S8/S9
*820
S6/S8
S10/*S17
*820
*917
*S 14 /*S 17
*820
87
*813
*815
85
F igure  5 .2  shows a graph o f the cum ulative number of words re c a lle d :
fo r  both novices and exp erts  over the f iv e  t r i a l s  of the t ra n s c r ip t io n
task fo r  the la s t  program presented . Experts are  in d ica ted  w ith  an
a s te r is k  ( e .g . ,  *813 ) on the graph.
60
59
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57 
56 
55 
54 
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52 
51 
50 
49 
48 
47 
46 
45 
44 
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42 
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40 
39 
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37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17
*813
*815
88
*8 2 0 /8 9
*517
*816
810
S 5/*S 14
S7
*814
85
*917
88
*920
86 /89
86 /
810
85
87
*514
87
*816
16 S10
15 85
14
13 87
12
11 *814
10
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FIGURE 5 .2 .  To ta l number o f words re c a lle d  by both novices and
experts  fo r  each of f iv e  t r i a l s  in the tra n s c r ip t io n  
task .
Table 5 .2  shows the same in fo rm atio n  in  a d if fe r e n t  fo rm at. Table 5 .2  
also  conta ins  the rank o rder in fo rm atio n  fo r  r e c a l l  on the f i r s t  t r i a l i  The 
d iffe re n c e s  between novices a n d :exp erts , under a Mann U hitney te s t ,  are  not 
s ig n if ic a n t  (U ' = 10,; p .0 5 ) .  Nor are  th ere  s t a t i s t i c a l l y  s ig n if ic a n t  
d iffe re n c e s  between the groups over subsequent t r i a l s .
NO. OF WORDS RECALLED IN TRANSCRIPTION TASK 
NOVICES
TRIALS: 1ST (RANK) 2ND 3RD 4TH 5TH
85 15 (3 ) 14 11 - 2 X - 4
86 27 (6 .5 ) 10 17 3 :
87 13 (2) 15 8 11 4
88 33 (9) 17 4 ■ 3
89 27 (6 .5 ) 18 9
810 16 (4) 18 10 12
TOTAL 131 (31) ; 92 59 31 8
MEAN 2 1 .8 15.3 9 .8  : 5 .1 1 .3
EXPERTS
TRIALS: 1ST (RANK) 2ND: 3RD : 4TH 5TH
813 46 (12) 11
814 11 (1 ) 13 16 4 13
815 43 (11) . 9 5
816 20 (5 ) : 20 17
817 37 (10) . 7 7  ^ 5 1
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S20 31 (8 ) 8 2 1
TOTAL 188 (47) 74 53 11 15
MEAN 3 1 .3 12.3 8 .8 . 1.8 2 .5
TABLE 5 .2 .  Number of words re c a lle d  on a l l  t r i a l s  by a l i i  
Subjects  on the T ra n s c rip tio n  task .
o
Table 5 .3  shows the number o f novices (N) and exp erts  (E) who succeeded 
in c o r re c t ly  tra n s c r ib in g  the e n t ir e  program. S ig n if ic a n t ly  many more 
exp erts  completed the task than novices (ch i-sq u ared  -  11 .97 , p < .0 0 1 ) .
COMPLETED : ! 2 1 5  1
NOT COMPLETED 1 4 1 i
TABLE 5 .3 .  The number of novices and exp erts  who s u c c e s s fu lly  
tra n s c rib e d  the ent i r e  ta rg e t program.
c
Table 5 .4 ,  below, conta ins  the actuali r e c a l l  of: a l l  tw elve S ub jects  on 
the f i r s t  t r i a l .
*S14: TEST f l a t  has 2 bedrooms
IF YES • looks prom ising  
IF NO CONTINUE
S7: TEST f l a t  has 2 bedrooms ;
IF YES:; looks prom ising  
IF NO:
S5: TEST f l a t  has 2 bedrooms
IF YES:: looks good: CONTINUE 
IF NO: too bad
S10: TEST f l a t  has 2 bedrooms
IF YES: looks prom ising: CONTINUE 
IF NO: too bad: EXIT  
TEST
*S16: TEST f l a t  has 2 bedrooms
IF YES:: looks prom ising; CONTINUE
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IF  NO: Too bad; EXIT  
TEST
S9: TEST f l a t  has two bedrooms .
IF  YES:; looks prom ising; CONTINUE 
IF NO: too bad; EXIT  
TEST i f  less  than 100 
IF YES ;
IF NO
S6: TEST f l a t  has 2 bedrooms
IF YES : th is  looks prom ising; CONTINUE 
IF  NO: bad; EXIT
TEST re n t under 100 
IF YES:
IF NO: :
*S17: TEST f l a t  has two bedrooms
IF YES ; CONTINUE
IF NO ; EXIT
TEST
IF YES : ; CONTINUE
IF  NO ; EXIT
TEST
IF YES ; ; EXIT
IF NO ; EXIT
*S20: TEST f l a t  has 2 bedrooms
IF YES::
IF NO:
TEST re n t less  100
IF YES:
IF NO:
TEST neighbours are  f r ie n d ly  
IF YES:
IF NO: ;
S8: TEST : f l a t  has two bedrooms :i
IF YES:; 1 ooks prom ising ; CONTINUE 
IF NO: too bad ; EXIT  
TEST:
IF YES::
IF NO:
TEST:
IF YES:
IF NO:
*S 15: TEST f l a t  has 2 bedrooms
IF YES:; looks prom ising; CONTINUE
IF NO: ; EXIT
TEST re n t 100 
IF YES: ; CONTINUE
IF NO: ; EXIT
TEST neighbours f r ie n d ly  
IF YES:: ; EXIT
IF NO: ; EXIT
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*513 : TEST f l a t  has 2 bedrooms
IF YES:; looking..good ; CONTINUE 
IF NO: ; ; EXIT
TEST re n t less  than 100 
IF YES:: looks prom ising OK;: CONTINUE: 
IF NO: too expensive; EXIT :
TEST neighbours are  f r ie n d ly  
IF YES:
IF NO: take i t ;  EXIT
TABLE.5 .4 . The f i r s t  t r i a l . t ra n s c r ip t  ion o f a ta rg e t program  
by novices and experts  in the T ra n s c r ip tio n  ta s k .
( 2 2  DISCUSSION: Experts do a tten d  to d i f fe r e n t  aspects o f an
u n fa m ilia r  program in the f i r s t  few seconds of v iew ing  than novices!
This is  demonstrated by the f in d in g  th a t the e x p e rts , in  c o n tra s t to  the  
behaviour of the novices, g e n e ra lly  r e c a l l  some of the d e ta i ls  of a l l  
segments of a program.: The fin d in g  th a t there  is  no d if fe re n c e  between^
novices and exp erts  in to ta l number of words re c a lle d  on the f i r s t  t r i a l  
seems to suggest th a t experts  need to  a tten d  ra th e r  more c lo s e ly  to  the 
o v e ra ll s tru c tu re  of an u n fa m ilia r  program than hypothesized in  the 
discussion in the In tro d u c tio n  to  th is  Chapter. There, i t  was suggested  
th a t a l l  the expert had to do was 'n o t ic e ' the number of 'TEST' 
segments, and could then devote h is  a t te n t io n  to  the c o n tro l s tru c tu re  
of the program and the v a r ia b le  c o n te n t. Two of the exp erts  CS15 and 
S17) d id  e x tra c t a l l  the co n tro l in fo rm atio n  and another (S13) e x tra c te d  
a l l  but one co n tro l s ta tem ent. One p o ss ib le  exp lan a tio n  fo r  the r e s u lts  
on to ta l number of words re c a lle d  on f ir s t :  view ing is  th a t a tte n d in g  to ; 
the co n tro l s tru c tu re  takes up cons iderab le  tim e -  most of ten  seconds. " 
A d if fe r e n t  p o s s ib i l i t y  is  th a t.g e n u in e  d iffe re n c e s  between the groups, 
in terms of to ta l number of words re c a lle d  on the f i r s t  t r i a l , :  have been 
disguised  by the performances of one of the exp erts  and one o f  the
or
; PAGE 5 -1 4
novices. The 'w o rs t perform ance' by one o f  the exp erts  is  th a t o f S14 
who re c a lle d  the least: number of words and r e c a l le d ;d e ta i ls  from only  
one program segment. The 'b e s t perform ance' by o n e:o f the novices .is  , 
th a t of 58 who re c a lle d  the th ird  h ig h es t number o f  words and was the 
only novice who re c a lle d  d e ta i ls ,  in c lu d in g  co n tro l in fo rm a tio n , from  
a l l  th ree  segments o f  the ta rg e t program.. . Such u n c h a ra c te r is tic  
performances are  c a lle d  'o u t l i e r s '  and the dangers of in c lu d in g  the data  
from g ross ly  u n c h a ra c te r is tic  performances has been commented elsewhere  
(S h e ll ,  1981). I f  the data from 58 and S14 are  removed the d if fe re n c e
between the groups is  s ign i f  ican t a t p < .025 (Mann W hitney, U = 2 ) .  A
glance a t the re c a ll:  in fo rm atio n  in Table 5 .4  confirm s th a t  two of the 
s ix  exp erts  re c a lle d  co ns iderab le  amounts of v a r ia b le  in fo rm atio n  plus  
a l l  or almost a l l  of the s tru c tu ra l and co n tro l in fo rm atio n  in  the 
ta rg e t program. Another expert re c a lle d  most of the s tru c tu ra l  
in fo rm ation  and a l l  of. the co n tro l in fo rm atio n . , A fo u rth  expert managed 
to e x tra c t  a l l  the s tru c tu ra l in fo rm atio n  and some of the v a r ia b le
in fo rm ation  in the program. Novices tended to e x tra c t  most o f  the
in fo rm ation  from the f i r s t  ' TEST' segment.: Some were ab le  to e x tra c t
some of the s tru c tu ra l; and a small amount o f the v a r ia b le  in fo rm atio n  
from the second 'TEST'! segment, but none of the novices, not even the 
excep tiona l case, managed to  e x tra c t  any of the co n tro l in fo rm atio n  
beyond the f i r s t  'TEST' segment.:. The most' s u rp r is in g  re s u lt  -is the  
performance of the two exp erts  514 and 516. S14 seemed to be unaware; 
th a t th ere  was anything more than a s in g le  program segment on :the f i r s t  
t r i a l .  516 was aware -that there; was more,: but ap p aren tly  was not ab le  
to use the in fo rm ation  to h is  advantage.
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5 .3  IMPLICATIONS: A i le a s t on a: task such as th is ,  novices seem io  be 
more com fortab le  working a t the. le v e l o f . . in d iv id u a l program segments, i 
The a n a ly s is , of programs in Chapter 2 provided a massive amount o f data  ;: 
th a t was in te rp re te d  in such a way as to suggest th a t in designing  
programs the m a jo r ity  of novices a lso  p re fe r  or need io  operate  a t the  
le v e l of basic  program segments. A ll io g e th e r , the re s u lts  presented  
here are  co n s is ten t w ith  the re s u lts  from previous s tu d ie s . Again 
d iffe re n c e s  between novices and:experts  have been dem onstrated, and 
again a range of a b i l i t i e s  w ith in  the novice group has emerged. One 
in te re s tin g  f in d in g  is  th a t th e :e x p e rt who was the poorest perform er on 
the tra n s c r ip t io n  task was a ls o :th e  on ly  expert seem ingly not having the  
Copies model o f  re c u rs io n . In la t e r  C hapters, i t  w i l l  be shown th a t the  
excep tiona l novice on the tra n s c r ip t io n  ta s k , S8,- a lso  excel Is  in  o th er  
endeavours by comparison w ith  the performance o f  the o th er novices.
o
CHAPTER 6
REAL WORLD KNOWLEDGE VS. PURE PROGRAMMING KNOWLEDGE -
o
6 .1  INTRODUCTION; The m a te ria l presented in  th is  Chapter; is  meant to  
provide  the groundwork fo r  the ' in te r a c t in g  knowledge' model: o f problem  
s o lv in g  th a t is  to be presented in Chapter 7 . In  the f i r s t  p a rt of the 
Chapter a read ing  experim ent is  described,; and a model of the 
understanding process is  o u t lin e d . The s to ry  is  in  fa c t based on the 
'BULLETHOLE' programming problem, which was mentioned in  Chapter 1, and : 
which is  discussed in d e ta i l  in Chapter 7 . The 'BULLETHOLE' programming 
problem te x t has some s tatem ents  which were designed to  t r ig g e r  
programming knowledge,, and some statem ents  th a t were designed to  tr ig g e r ;  
general knowledge of the w orld . In o rder to b e t te r  understand the way 
in which programming and re a l w orld knowledge in te r a c t ,  the 'BULLETHOLE' 
problem statem ent was broken down in to  i t s  d i f fe r e n t  elem ents so th a t  
the ro le  of each source of knowledge could be s tu d ied  in is o la t io n .  In  
the f i r s t  experim ent, the 'BULLETHOLE' problem te x t was s tr ip p e d  o f a l l  
re fe ren ce  to programming, and presented as a sim ple s to ry  to  computer 
naive S u b jec ts . In 4he second p a rt of the Chapter, two short 
experim ents are  d iscussed. These experim ents complement the  
sto ry -s trip p ed -o f-p ro g ram m in g  experim ent by lo o k in g .a t the e f fe c t  o f
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p ro g ra m -s tr ip p e d -o f-s io ry . an a b s tra c t isomorph of the 'BULLETHOLE' 
problem was presented to  novice programmers.
6 .2  A MODEL OF STORY UNDERSTANDING.
In Chapter 2 , the 'UNDERSTAND' model o f the problem understanding  
phase was shown to be in a p p ro p ria te  as a model fo r  understanding  
i l l - d e f in e d ,  or open problems. In  o rder to  construct a model of 
2 2 )  understanding processes fo r  i l l - d e f in e d  problems a number o f Subjects
were asked to read a s to ry  which described the fo llo w in g  event : a
person aims a very powerful handgun -  a gun th a t w i l l  put a b u lle th o le  
in  anyth ing  in the path of the b u l le t  -  a t a set o f o b je c ts  and p u lls  
the t r ig g e r .  The read ing  Subjects  were asked to e x p la in  th is  s to ry  to  
the experim enter as they read i t  a loud , one l in e  a t a tim e.
Before e n te rin g  in to  a d iscussion  of the s to ry  understanding model 
I s h a ll in troduce and d e fin e  a concept which has been used e x te n s iv e ly  
( in  one form or another) in recent models o f s to ry  u nderstand ing , and 
which w i l l  be used throughout th is  and the fo llo w in g  two Chapters o f the  
th e s is . The concept is  'schem a'. A schema is  d e fin ed  as an a b s tra c t 
re p re s e n ta tio n  of a g eneric  concept or even t, such as a v i s i t  to a 
re s ta u ra n t (Schank, 1975). The n o tion  of a schema is  a lso  usefu l as a 
way of th in k in g  about packets o f problem s o lv in g  processes (see b e lo w ). 
Im portant c h a ra c te r is t ic s  of schemas, fo r  the d iscussion  of the p ro to co l 
under c o n s id e ra tio n , are  the fo llo w in g . F i r s t ,  schemas encode knowledge 
about s te re o ty p ic  s itu a t io n s , a c tio n s , even ts , e t c . ,  rather; than 
s p e c if ic  events (Rumelhart & O rtony, 1976). In s to ry  understanding .
o
oPAGE 6 -3
schemas are tr ig g e re d  by concept words mentioned in  the s to ry  te x t .  For
in stan ce , a s to ry  beginning "A man walked in to  the bank w ith  a gun" 
would tr ig g e r  schemas -for a man w alk ing , a bank, and;a gun. There are  
d if fe r e n t  arguments about the processes involved in tr ig g e r in g  schemas. 
Just 8c C arpenter (1 9 8 0 ), and Thibadeau, Just 8c C arpenter (1982) have 
argued th a t schemas can be tr ig g e re d  by in d iv id u a l; concept words a t any 
po in t in  the sentence comprehension process. Schank's group a t Yale  
have used both th is  approach and the approach o f f i r s t  co n s tru c tin g  a 
rep ré s e n tâ t ion of the meaning of an e n t ir e  sentence b e fo re  s c r ip t  
a p p lic a t io n  mechanisms are ap p lied  (Schank 8c Reisbeck, 1981)
Another important; fe a tu re  o f a schema is  th a t i t  has s lo ts  through  
which i t  is  lin k e d  to  subschemata. The s lo ts  in d ic a te  the r e la t io n a l  
s tru c tu re  of the knowledge encoded in the schema. For example, a schema 
fo r  'PERSON' would have s lo ts  fo r  'S E X ', 'APPEARANCE' and so on. The 
s lo ts  a lso  have v a r ia b le s . V a ria b le s  acq u ire  d e fa u lt  values through  
experience , b u t, whenever new in s ta n t ia t io n s  of a schema are  tr ig g e re d , 
s lo ts  take on values given in the c u rren t even t, whether i t  be a re a l 
world event or an event described in a s to ry , e i th e r  read or heard . For
example, a schema fo r  a man would have v a r ia b le  s lo ts  fo r  im portant
c h a ra c te r is t ic s  o f a man, such as th a t he has two le g s , arms, e a rs , and 
eyes; th a t he has a name, some p a r t ic u la r  h e ig h t, and so on. The 
d e fa u lt  va lue ( in  our c u ltu re )  fo r  he igh t might be something l ik e  5 '1 0 " .  
I f  the schema is  tr ig g e re d  by some event -  say, a person reads "A car  
p u lle d  up in fro n t o f Joe 's  c a fe , and a man got o u t" -  then the 'man' 
schema (amongst o th e rs ) would.be in s ta n tia te d  and, because th e re  is  no 
in fo rm ation  to the c o n tra ry , the d e fa u lt  va lue fo r  the man's he ig h t 
would apply fo r  the time being . I f  the s to ry  had contained the phrase.
oo
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"a short mon got out ", then the d e fa u lt  va lue  would have been d isp laced , 
and rep laced  w ith  the in fo rm ation  th a t fo r  th is  p a r t ic u la r  in s ta n t ia t io n  
of the schema, the man was less  than average h e ig h t. The im portant 
p o in t is  th a t we can understand many th ings w ithout having to be to ld  
a l 1 of them.
S t i l l  another im portant c h a ra c te r is t ic  of schemas is  th a t ,  once 
tr ig g e re d , they a c t iv a te  procedures which e ith e r  a c t iv e ly  search fo r  
in fo rm atio n  or compute values fo r  some of the v a r ia b le s  in a schema, 
given the value o f o thers  (Palm er, 1975). A sim ple example, r e la te d  to  
the s to ry  under c o n s id e ra tio n , is  th a t our Knowledge of guns includes  
in fo rm ation  th a t guns are used to shoot th in g s , and so, g iven the 
in fo rm ation  th a t th ere  is  a man w ith  a gun, then an ex p e c ta tio n  can be 
set up th a t the man w i l l  use the gun to shoot something o r someone. 
Another im portant p ro p erty  of schemas is  the c o n s tra in t they b rin g  to  
bear on in fe re n c in g  processes (Schank, 1980).
Thus, in schema th e o re t ic  term s, understanding invo lves  the  
t r ig g e r in g  of schemas which fu n c tio n  to  c o n s tra in  in fe re n c in g  processes, 
to set up hypotheses (exp e c ta tio n s ) about fu tu re  even ts , to p rovide  
d e fa u lt  va lu es , and so fo r th .  There are  o th er p ro p e rtie s  o f schemas 
which are in te re s tin g  and im portan t, but fo r  our purposes the above 
given sketch w i l l  s u f f ic e .  (For in te re s tin g  and more e la b o ra te  
discussions of the schemas, and re la te d  n o tio n s , see Rum elhart, 1975; 
Rumelhart & Ortony, 1976; Friedman, 1980.; For an example of. the way 
the notions of v a r ia b le s  and v a r ia b le  b ind ings can be shown to be 
powerful notions in  s to ry  understanding when combined w ith  vario u s  
problem so lv in g  o p era tio n s , see C o llin s , Brown & L a rk in .)
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O ften tim es, understanding invo lves  more than in s ta n t ia t in g  a schema: 
which accounts fo r  an even t, or sequence o f even ts . Understanding  
sometimes invo lves  in fe r r in g  the goals a person is  try in g  to achieve  
when he performs an a c t io n . I f  we see or read about someone running to  
a shop, we may in fe r  th a t the person is  try in g  to get to  the shop befo re  
i t  c lo ses , or is  in a hurry  to acqu ire  something which is  so ld  in the 
shop, and so on, because a method fo r  g e tt in g  someplace in  a h urry  is  to  
run (and a method fo r  g e tt in g  to some p lace befo re  i t  c loses is  to  
h u rry ) .  In o th er words, we see h is  ac tio n s  as 'm ethods' fo r  ach iev in g  
g o a ls . Various researchers  in s to ry  understanding have proposed th a t an 
im portant understanding process is  the a p p lic a t io n  of such 'm ean-ends' 
analyses to  the events described in s to r ie s  (Rumelhart & O rtony, 1976; 
Schank & Abelson, 1977; C o ll in s , Brown & L a rk in , 1980). Much of the 
behaviour of the Subject whose pro toco l w i l l  now be analyzed can a lso  be 
understood in terms of: th is  n o tio n .
From one an g le , then, the s to ry  is  non -p ro b lem atic . Everybody 
could be expected to understand what happened, the event described  in  
the s to ry . Models of such understanding processes have been:construc.ted: 
and s im ulated  by computer programs (Schank, 1973, 1975).
From a d i f fe r e n t  p o in t of v iew , the s to ry  is  hard to  understand.
P art of what the s to ry  'means' is  t ie d  up w ith  the purpose, o r g o a l, o f 
the person perform ing the a c tio n  described (Schank & Abelson, 1977). 
Understanding from th is  p o in t of view  invo lves assign ing  a goal to  the  
person perform ing the a c t io n . Therefore ,- the major p a rt of problem  
so lv in g  fo r  readers o f the s to ry  is  fin d in g  and assign ing  a goal to  the  
s to ry 's  p ro ta g o n is t. However, the s to ry  conta ins  no usefu l con text
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w ith in  which a model of the assigned goal could be e a s ily  e v a lu a te d . 
1973). No reason fo r  the p ro ta g o n is t 's  a c tio n  is  s p e c if ie d , e i th e r  
e x p l ic i t l y  or im p l ic i t ly ,  in  the s to ry . The s to ry  does not say why the  
person shot the p i le  of o b je c ts . Thus, i t  is  p re d ic te d  th a t i t  w i l l  be 
d i f f i c u l t  fo r  readers to understand, in the deeper sense, what the s to ry  
is  about (see Bransford & Johnson, 1972, 1973). The p re d ic t io n  is  th at  
very l i t t l e  concern w i l l  be shown by the read ing  S ub jects  o v e r the  
layout o f o b jec ts  mentioned in  the s to ry , or in understanding the a c tio n  
th a t occured. Much more tim e.w ould  be expected to be devoted to  
a t t r ib u t in g  a m otive fo r  the a c t io n . In the next C hapter, as we s h a ll  
see, these p re d ic tio n s  would be expected to be reversed .
The model presented below is  re la te d  to models o f s to ry  
understanding which have been presented elsewhere (Schank & Reisbeck, 
1981; and e s p e c ia lly ,, C o llin s , Brown, & L a rk in , 1980). The d if fe re n c e  
between the model presented here and those presented elsew here is  th a t  
both domain re la te d  (programming) knowledge and domain independent 
knowledge are po s ited  to in te ra c t  in ways th a t w i l l  be described  in  
d e t a i l .
METHOD: F ive  a d u lt vo lu n tee rs  w ith  d i f fe r e n t  backgrounds
(s e c re ta ry , s tu d en t, e t c . )  acted as Subjects in the experiment;. The 
experim ent was conducted in one of the experim ental la b o ra to r ie s  a t the  
U n iv e rs ity . Subjects were seated in front; of a tape reco rd er and the  
task was described to them in d e ta i l  (see 'INSTRUCTIONS' in  F ig u re  6 .1 ) .  
Subjects  were asked to  read e a c h .lin e  o f the s to ry  (see F ig u re  6 .2 )  
aloud , and to e x p la in  the s to ry  to the experim enter as they proceeded  
through each l in e .  Once a Subject s ta r te d  read ing  the experim enter
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in tervened  on ly  to  prompt him to speaK whenever th ere  was a lengthy  
pause. The S u b jec ts ' comments were tape recorded and tra n s c rib e d  
verbatim  a t a la t e r  d a te .
INSTRUCTIONS
On the ta b le  in fro n t o f you th ere  is  a short s to ry , which 
is  covered w ith  a p la in  sheet of paper. When we are  ready to  
s t a r t .  I 'd  1 ike you to  move the covering sheet o f  paper towards 
y o u rs e lf , ju s t enough to  expose the f i r s t  sentence of the s to ry .
2 2 /  I 'd  l ik e  you to read the sentence a loud , and then t e l l  me what
you understand about the s to ry  a t th a t p o in t . I want you to  
t e l l  me every th in g  you know about the s to ry  be fo re  you go on to  
expose another sentence of the s to ry . I 'd  l ik e  you to t e l l  me 
every th in g  th a t occurs to you a f t e r  you 've read a sentence. You 
can look back to a sentence you've read p re v io u s ly  whenever 
you'd l i k e ,  but d o n 't go forward to another sentence u n t i l  
you've exp la ined  every th in g  you know, or th in k , up to  th a t  
p o in t. Is  th a t okay? Do you understand? [E xperim enter would 
at th is  p o in t answer any questions th a t a ro s e .]
2 2 )  FIGURE 6 .1 .  In s tru c tio n s  to Subjects  fo r  the S to ry  Understanding
task .
1) Imagine a h yp o th e tica l world in which th ere  a re  on ly  the fo llo w in g  
o b je c ts : a.sandw ich, a p la te ,  a newspaper,; a book, a ta b le  and the  
f lo o r .
2) The sandwich is  ly in g  in the cen tre  of the p la te ,  which is  s i t t in g
on the newspaper, which is  ly in g  on the book, which is  on the ta b le ,
which of course re s ts  on the f lo o r .
3) Imagine someone standing beside the ta b le  w ith  a .357 Magnum p is to l
4) The person puts the muzzle of the p is to l on top o f the sandwich,
so the gun is  thus p o in tin g  towards the f lo o r .
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5) A p o in t th ree  f iv e  magnum p is to l w i l l ,  when f i r e d ,  put a ho le  
through anyth ing  in  the path of the b u l le t .
6) The person f i r e s  the p is t o l .
FIGURE 6 .2 .  The te x t of the 'BULLETHOLE' s to ry .
RESULTS; Two o f  the p ro to co ls  were u n s a t is fa c to r i ly  s h o rt. One 
Subject 'e x p la in e d ' each l in e  by commenting th a t he understood the  
sentence. The second Subject commented th a t he c o u ld n 't  take the s to ry  
s e r io u s ly . There fo re ,: both o f  these p ro to co ls  were d iscarded from the  
a n a ly s is . The rem aining th ree  p ro to co ls  were a l l  q u ite  len g th y , and one 
was chosen fo r  d e ta ile d  a n a ly s is . Although th is  is  the on ly  one of the  
p ro to co ls  analyzed f u l ly  in th is  C hapter, i t  w i l l ,  be shown from a few 
e x tra c ts  from the o th er two p ro to co ls  th a t the model derived  from the  
one pro toco l extends to the o th e rs .
F igure  6 .3 ,  below, conta ins  the e n t ir e  p ro toco l fo r  one o f the 
read ing  Subjects during the read ing  phase of the experim ent. As a lread y , 
mentioned, the Subject was asked to read each l in e  aloud and to  
th in k -a lo u d  about the contents of each l in e  b efo re  going on to  a 
subsequent l in e .  The read ing  phase comprises a l l  the comments the 
Subject makes befo re  g iv in g  up on the task . This is  the p o ih t a t which 
the experim enter u s u a lly  came in and probed fo r  fu r th e r  in fo rm a tio n .
The S u b je c t's  comments from th is  p o in t onward are  not.used  in the 
a n a ly s is , because o f  the dangers th a t any in fo rm atio n  d erived  under the  
e x p erim en te r 's  probing is  su b ject to a number o f  d i f fe r e n t  
in te rp re ta t io n s  (see Ericsson & Simon, 1980; but a lso  see C o ll in s ,
Brown & L a rk in , 1980).- Comments on the contents  o f F igure  6 .3  are  
provided im m ediately fo llo w in g  i t s  p re s e n ta tio n .
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An Example Protocol : SUBJECT 2 .
1) 'Im ag ine a h y p o th e tic a l s ta te  of the world in which th ere  are  only  
the fo llo w in g  ob jec ts :, a sandwich, a p la te ,  a newspaper, a booK, a ta b le  
and the f lo o r . '
o
The f lo o r .  RE-READING
Can th a t be c o rrec t?  PROBE
I f  i t ' s  got a f lo o r  then s u re ly  i t  should have 
w a lls  and a c e i l in g  too . CONFLICT
E: Is  th a t what you thinK of i t ,  nothing e lse?  E-COMMENT
Um.. . .  ?
Sandwich and a p la te  suggest th a t somebody is  
going to have something to e a t . MODEL-1
Not n e c e s s a rily  s tra ig h t  away, not n e c e s s a rily  
th a t day, i t  could have
been a long w h ile  ago. ELABORATION
Obviously [w as] "a sandwich, a p la te ,  a newspaper, 
a booK, a ta b le  and the f lo o r " .  RE-READING
Um.. . .  ?
Suggesting somebody is  going to  read . MODEL-2
But you d o n 't u s u a lly  s i t  a t a ta b le , unless you 
s i t  on something, and th e re 's  no c h a ir .  CONFLICT
Newspaper could suggest something as fa r  as, 
um, a down and o u t, 1 iv in g  th e re . MODEL-3
Making do w ithout a c h a ir .  SUPPORT
But then, perhaps, h a rd ly  l i k e ly  to  have a 
sandwich. CONFLICT
Um.. . .  ?
o
2) 'The sandwich is  ly in g  in the c en tre  o f the p la te ,  which is  s i t t in g  
on the newspaper, which is  ly in g  on the book, which is  on the ta b le ,  
which of course re s ts  on the f l o o r . '
U m ....  ?
Somebody's s tack in g  them. ELABORATION
Um.. . .  ?
I suppose i t  could be fo r  a photographic session MODEL-4/
or fo r  a s t i l l  l i f e .  MODEL-5
Um.. . .  ?
3) 'Im ag ine  someone standing beside the ta b le  w ith  a .35? Magnum 
p is t o l . '
T h is , um.. . .
Brings in to  mind some s o rt o f h ide o u t, o r . . . .
I d o n 't know.
Um.. . .
People d o n 't u s u a lly  stand beside ta b le s ,: w ith  
p is to ls  unless they have some in te n tio n  of e ith e r  
using them .. . .
Uh, "standing beside the ta b le  w ith  a p is t o l" .
?
MODEL-6
META-COMMENT
9
PROBE
RE-READING
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Could be some Kind o f shooting range, 
But h a rd ly  w ith  a sandwich on i t .
Um. . . .
MODEL-7
CONFLICT
?
4) 'The person puts the muzzle o f the p is to l on top o f the sandwich, 
so the gun is  thus p o in tin g  towards the f lo o r . '
o
o
U m ....
Why would he want to  shoot a sandwich?
I t ' s  h a rd ly  l i k e ly  to jump up and b ite  him. 
Doesn't r e a l ly  t e l l  me much.
Tl^e chap might have a j o l l y  good reason fo r  
wanting to  shoot a sandwich but I r e a l ly  c a n 't ,  
I c o u ld n 't judge, not from th a t .
?
P R O B E  ;
PRGBE-FAILURE
EVALUATION
EVALUATION
5) 'A p o in t th ree  f iv e  magnum p is to l w i l l . ,  when f i r e d ,  put a hole  
through anyth ing in the path o f the b u l l e t . '
The sandwich is  going to  s ile n c e  i t .
Why would he want to shoot the re s t  o f  the 
th in g s , the book, the tab le?
Ah, um .. ...
I c a n 't  understand why he would want to  shoot 
through the p la te .
But i f  he wanted to  shoot through the sandwich as 
a s o rt of a home made s ile n c e r ,  I suppose,: um.. . .
I d o n 't know what the s ig n if ic a n c e  of the p la te  
would be.
But the book would catch the b u l le t .
Perhaps i t ' s  some kind of b a l l is t ic s  te s t ,  to see 
how the p in  h i ts  the end o f the b u l le t .
Uh, "put a hole in  anyth ing  in the path of the 
b u l le t ".
F ind ing  out how strong i t  is .
6) 'The person f i r e s  the p is t o l . '
Um.
Now I d o n 't know why a person would want to  
f i r e  a p is t o l ,  a sho t, a t "the sandwich, which is  
s i t t in g  on the p la te ,  which is  on the newspaper, 
which is  on the book, which is  on the ta b le " .
Um, i t  doesn 't t e l l  me why.
I t  t e l l s  me th a t these th ings  happen, o r has 
happened or w i l l  happen, but i t  doesn 't t e l l  me 
why.
E: Is  th a t it?
T h a t's  about a l l  I can get from i t .  I'm  a f r a id .
U m ....
No. . . .
I t  t e l l s  me i t ' s  c e r ta in ly  not a r i f l e  range 
because he w ouldn 't be p o in tin g  i t  a t the  
sandwich.
MODEL-8
CONFLICT
?
CONFLICT
PROBE
CONFLICT
MODEL-9
ELABORATION
RE-READING 
MODEL-10 ;
EVALUATION
EVALUATION
EVALUATION
E-COMMENT
RESPONSE (E-COMMENT)
EVALUATION
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He would be p o in tin g  i t  a t . . . .
Um.
Which I thought i t  might have been i f ,  um.. . .
I t  sa id  "imagine someone standing  beside the 
ta b le  w ith  a .357 magnum p is t o l . "
I thought i t  may have been some s o rt of r i f l e  
range.
Some what out moded but um .. . .
And the re s t of i t ,  i t  doesn 't r e a l ly  illu m in a te  
i t ,  i t  ju s t t e l l s  me th e re 's  somebody th ere  and 
they intend to , and do, f i r e  a t the sandwich.
E; Is  t h a t .a l l?
Yes, I c a n 't  see anyth ing e ls e  unless he doesn 't 
l ik e  the book.
ELABORATION
?
EVALUATION
RE-READING
HYPOTHESIS
EVALUATION
EVALUATION
E-COMMENT
MODEL-11
FIGURE 6 .3 .  A th in k  aloud p ro toco l from Subject S2, 
w h ile  read ing  the 'BULLETHOLE' s to ry .
o
In F igure  6 .3 ,  the pro toco l has been d iv id ed  in to  s ix  'e p is o d e s '.  
Each episode is  la b e lle d  ( 1 - 6 ) ,  and co n ta in s , f i r s t ,  the l in e  which the  
Subject read from the s to ry , and, second, a l l  o f the comments the 
Subject made befo re  going on to  a subsequent l in e  o f the s to ry . The 
S u b je c t's  comments are  presented as sentence segments, where p o s s ib le . 
Otherwise the segments are  p a rt sentences which t r a i le d  o f f  in to  
n oth in g , or the fre q u e n t, d e lib e r a t iv e  "Um"s which the Subject 
enunciated . Each segment of the pro toco l a lso  has a la b e l a tta c h e d , the  
la b e l in d ic a tin g  the kind  of process the in v e s tig a to r  thought the  
S u b je c t's  comment r e f le c te d .  A lto g e th e r, th ere  are  13 la b e ls , or 
ca te g o rie s  of response. The la b e ls  th a t were used to c la s s ify  the  
protoco l segments, p lus th e ir  frequency o f  occurence are  g iven in Table  
6 .1.
?
MODEL
MODEL-EVALUATTON
15
11
9
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MODEL-CONFLICT
RE-READING
PROBE
EXPERIMENTER COMMENT 
= (E-COMMENT)
ELABORATION
META-COMMENT
PROBE-FAILURE
MODEL-SUPPORT
RESPONSE TO QUESTION
TABLE 6 .1 .  C la s s if ic a lo r y  Labels ap p lied  to  Subject 5 2 's 
read ing  p ro to c o l.
o
The major category of response to  the vario u s  sentences in  the  
s to ry  is  th a t represented  by the question-m ark symbol. The 
question-m ark in d ic a te s  th a t the in v e s tig a to r  was not ab le  to  t e l l  what 
the Subject was th in k in g  about. However, many of the unknowns are  
associated  w ith  the S u b je c t's  s tatem ent: "Um". Many o f these occured  
e ith e r  im m ediately fo llo w in g  the read ing  of one of the lin e s  from the 
s to ry , or soon a f t e r  a p a r t ic u la r  model (see below) o f the s to ry  had 
been proposed. The "Um"s may r e f le c t  'w a it in g  tim e ' w h ile  a model is  
being co n stru cted , or 'e v a lu a t io n ' and o th er im portant in fo rm atio n  
processes which are thus hidden from the in v e s t ig a to r .
The second most fre q u e n tly  a p p lie d  la b e l is  'MODEL'. The 'MODEL' 
la b e l was ap p lied  whenever i t  appeared th a t the S u b je c t 's  statem ent 
o ffe re d  a po ss ib le  model of the events thus fa r  encountered in  the  
s to ry . In  the f i r s t  ep isode, fo r  example,: (M odel-1) the Subject 
comments th a t the menLion o f a sandwich and a p la te  "suggest th a t
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somebody is  going to  have something to eats".
Models are  presumed to  be based on schematic knowledge; some 
elem ent(s ) of a problem te x t t r ig g e rs  some schema (perhaps s e t of 
schemas) which serve as a basis  fo r  co n s tru c tin g  a model o f the s to ry .  
The process involved in  the co n s tru c tio n  of the model seems to be sim ply  
the t r ig g e r in g  o f the 'EAT' schema, which conta ins  s p e c if ic a t io n s  th a t  
the AGENT s lo t  be f i l l e d  by a human (th e  expected AGENT fo r  e a tin g  a 
sandw ich). With very l i t t l e  evidence to go on from the in fo rm atio n  in  
the problem statem ent,, the d e fa u lt  va lue  o f the AGENT s lo t  is  
in s ta n tia te d  ("somebody" is  going to have something to e a t ) .  The model : 
can be represented  in fo rm a lly  as the in s ta n t ia t io n  o f  d e fa u lt  values in  
a few of the s lo ts  of an "EAT" schema, where the d o l la r  symbol: m erely  
in d ic a te s  th a t a schema is  denoted:
SEAT
ACTION; an eat 
GOAL: sat is fy  hunger 
AGENT: a person 
OBJECT: a sandwich
An 'EAT' schema would be co n s id erab ly  more e la b o ra te  than suggested  
here . The p o in t , though, is  th a t g iven so l i t t l e  in fo rm atio n  the reader  
seems u n w illin g  to  over commit h im se lf to  the 'e a t in g ' model and so 
develops a model by in s ta n t ia t in g  the fewest po ss ib le  number o f s lo ts  
th a t would account fo r  what is  a c tu a lly  known a t p re s e n t. Note th a t in  
so doing, an a c to r is  introduced in to  the s to ry  by the read er b e fo re  one 
has been introduced by the w r i t e r .
The p a r t ic u la r  schemas in which models a re  based, and the te x t  
elements which tr ig g e re d  them, are  o fte n  mentioned by the S u b je c t. In
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the example above, sandwich and p la te  were in d ica ted  as cues fo r  
M odel-2, based in the 'EAT' schema. In  o rder to show which cues 
a c t iv a te  c e r ta in  schemas, the two w i l l  be represented  as p roductions , 
where a production  is  d e fin e d , fo r  the moment, as a form alism  fo r  
l in k in g  two se ts  o f words or symbols by p o in tin g  from one to  the o th e r . 
Productions have a l e f t  hand s id e  and a r ig h t  hand s id e . Rules fo r  
co n s tru c tio n  are these: the l e f t  hand s id e  of a p roduction  con ta ins
words from a s to ry  te x t .  The r ig h t  hand s ide  of a production  con ta ins  
the name of a model o f the s to ry . The arrow l in k in g  the l e f t  and r ig h t  
hand s ides is  meant to  in d ic a te  th a t the words in  the l e f t  hand s id e  o f 
the production  tr ig g e rs , or a c t iv a te s , a schema resp o n s ib le  fo r  the  
model named on the r ig h t  hand s id e . In the example:
sandwich & p la te => EAT
o
the l e f t  hand s ide  of the p ro d u ctio n , co n ta in in g  'sandwich & 
p la t e ' ,  is  lin k e d  to  the 'EAT' on the r ig h t  hand s id e  o f the p roduction , 
With th is  d e f in i t io n  in mind, we can t ry  to  id e n t i fy  the schemas th a t  
are  tr ig g e re d  as the Subject reads through the s to ry  te x t ,  and a ls o  to  
id e n t i fy  the words th a t t r ig g e r  the schemas.
MODEL-1 
MODEL-2 
MODEL-3 
MODEL-4 
MODEL-5 
MODEL-6 
MODEL-7 
MODEL-8 
MODEL-9 
MODEL-10
MODEL-11
sandwich & p la te  =>
newspaper & book =>
? (MODEL-3) newspaper => 
on # # « on■«■on # # # 
onm # #on# # » on■•■
?  8c person 8c p is to l  
ta b le  8c p is to l  
sandwich 8c p is to l  
book 8c p is to l  
put a hole in  anyth ing  
in the path o f  the  
b u lle t
book 8c p is to l =>
EAT
READ
DOWN AND OUT PERSON
= > 
=>
= >
= > 
=>
= >
=>
PHOTOGRAPHIC SESSION 
; STILL LIFE  
HIDE OUT
SHOOTING RANGE
s il e n c e r ::
BALLISTICS TEST '
POWER TEST
DESTROY BOOK
Note th a t a t le a s t one o f the tr ig g e rs  -  th a t fo r  MODEL-6 -
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con ta ins  question  mark symbols. Th is  is  m erely to  in d ic a te  th a t there  
are  s u re ly  second order cues fo r  schemas, and these second o rder cues . 
have not been id e n t i f ie d .  That is ,  in te rm e d ia tin g  schemas a re  trig g e re d ;  
by cues in the s to ry  and in tu rn  t r ig g e r  the schema r e f le c te d  in  the 
model (see , fo r  example, Norman & Bobrou (1 9 7 7 ).
The th ird  most fre q u e n tly  occuring lab e l is  'MODEL-EVALUTION'. In  
model-e va lu a t ion the Subject a p p lie s  a cu rren t model;! o f the problem to  
the te x t of the s to ry  fo r  evidence th a t the model is  c o r re c t . A fte r  
read ing  the f i f t h  l in e  of the s to ry  the Subject can be seen to  hold the 
strong e xp ec ta tio n  th a t th ere  is  some reason fo r  the a c tio n  o f  the 
s to ry 's  p ro ta g o n is t, but the Subject is  unable to d iscover anyth ing  in  
the d e ta i ls  of the s to ry  which would perm it e v a lu a tio n  o f d i f fe r e n t  
proposals about what the m otive might be. . Th is is  as p re d ic te d  in  the 
in tro d u c tio n  to  th is  sec tio n  o f the Chapter. As th ere  is  noth ing  in  the  
s to ry  te x t but the d e s c rip tio n  of a s itu a t io n  and an a c tio n  perform ed, 
there  is  no support o r d isco n firm in g  evidence about the goal of the  
person perform ing the a c t io n . Subsequent attem pts a t e v a lu a tio n  occur 
a f t e r  the Subject has read the f in a l  1 ine of the s to ry . Model 
(2 ^  e v a lu a tio n  inheres in the ca te g o rie s  'M o d e l-c o n f l ic t '  and
'M o d e l-su p p o rt' ,  both discussed below.
Next comes 'MODEU-CONFLICT'. A c o n f l ic t  is  the p roduction  of 
in fo rm ation  which c o n tra d ic ts  a model. For in s tan ce , the Subject 
develops a 'sh o o tin g  range' model (MODEL-7) as a p o ss ib le  account o f the  
mention of 'a  person' (s tand ing  beside) 'a  t a b le ' , (w ith ) 'a  p i s t o l ' .
When a model is  proposed, c e r ta in  hypotheses about i t s  s u i t a b i l i t y  a re  
made a v a ila b le ,  and these hypotheses te s te d . For example, when the
oPAGE 6-16
'sh o o tin g  range' modeL is  proposed, the Subject t r ie s  to  in s ta n t ia te  
s lo ts  of a 'sh o o tin g  range' schema w ith  data  from the s to ry : the
'sandw ich ' is  proposed as the va lue  of the schema's TARGET s lo t ,  but the 
value is  presumably w ild ly  a t varian ce  w ith  th a t s lo t 's  expected types  
of va lu es . Model c o n f l ic t  occurs a f t e r  Models 2 , - 3 ,  7 , and 8 have been 
proposed.
'RE-READING' occurs a t 5 d if fe r e n t  p o in ts  in the p ro to c o l. 
Re-read ing  sim ply in d ic a te s  th a t the Subject read a l in e  from the te x t a 
second tim e. In  a l l  but one case (th e  la s t  in s tan ce , episode 6) the  
Subject re -re a d  the same l in e  th a t had ju s t been read .
The 'PROBE' la b e l in d ic a te s  th a t the Subject seems to be searching  
a fragment of knowledge fo r  an answer to  a s p e c if ic  question  set up a t  
some p o in t in  the ongoing processing . For example, a f t e r  read ing  the  
f i r s t  l in e  of the s to ry , the Subject f i r s t  re -re a d  the la s t  couple of 
words of the sentence (The f l o o r . ) .  The words t r ig g e r  a room schema 
which has s lo ts  fo r  w a lls , f lo o rs , and windows, e tc . The in fo rm atio n  in  
the f i r s t  l in e  of the s to ry  s p e c i f ic a l ly  c o n tra d ic ts  (= M o d e l-c o n flic t)  
(2 3  the knowledge the Subject has about the usual co n s tru c tio n  o f rooms.
'ELABORATION', as the name suggests, invo lves using knowledge th a t  
has been accessed to e la b o ra te  on in fo rm atio n  in the s to ry  te x t .  For 
example, a f t e r  read ing  about the layout o f  the o b je c ts  in the second 
l in e  of the s to ry , the Subject 'e la b o ra te s ' the in fo rm atio n  by 
in troduc ing  'somebody'; who is  's ta c k in g  them '. Again, when the  
'BALLISTICS TEST' MODEL is  proposed, the Subject en larges the s to ry  
somewhat by proposing a reason fo r  the 'b a l l i s t i c s  t e s t ' .
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There are  on ly  a few occurences of the vario u s  o th e r la b e ls ;  
u s u a lly  on ly  one. 'PROBE-FAILURE', as the lab e l suggests, r e f le c ts  the  
f a i lu r e  to fin d  sought fo r  in fo rm atio n  during a probe of a knowledge 
s tru c tu re . 'MODEL-SUPPORT' occurs when something in the s to ry  adds 
support to a model. In  the s in g le  case o f  'META-COMMENT', the Subject 
is  commenting on h is  own s ta te  of knowledge C"I d o n 't kn o w ."). The two 
rem aining c a te g o rie s  are  'EXPERIMENTER-COMMENT' and ' RESPONSE 
(E-COMMENT)' .  The meaning of the la b e ls  is  s e l f  e v id e n t.
THE ROLE OF PROBLEM SOLVING IN STORY UNDERSTANDING.
The p a tte rn  of responses to the d i f fe r e n t  l in e s  o f the problem  
s to ry  in the Protocol ;in F igure  6 .3  is  no t e n t i r e ly  un ifo rm , but th ere  
is  a lo t  of r e g u la r i ty .  Elements of each l in e  o f the problem statem ent 
t r ig g e r  some schem atic knowledge which serves as a basis  fo r  the  
co n stru c tio n  of a model of the events mentioned in  the s to ry . The model 
th a t is  constructed  is  then eva lu a te d , and, i f  the model is  
c o n tra d ic te d , re je c te d . Subsequent models are  based e ith e r  in new 
schemas tr ig g e re d  by s to ry  elem ents, or in a com bination o f elem ents o f 
( 2 )  re je c te d , e a r l ie r  models and newly tr ig g e re d  schem atic knowledge. The
processes involved in the co n s tru c tio n  o f  a model are  b in d in g , and 
re -b in d in g , of schema s lo ts  to  va lu es , and e v a lu a tio n  of the b in d in g s . 
The 'GOAL' s lo t  of the model is  rep e a te d ly  re-bound. Examples o f such 
reb in d in g s  are these: ;
A) ACTION: eat 
AGENT: a person ;
OBJECT: sandwich 
GOAL: s a t is fy  hunger
B) ACTION: read  
AGENT: a person ;
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OBJECT: newspaper, book 
GOAL: inform  s e l f
C) ACTION: h ide  
AGENT: a person '
OBJECT: s e lf  
GOAL: p ro te c t s e lf
D) ACTION: shoot 
AGENT: a man 
OBJECT: sandwich 
INSTRUMENT: a gun
GOAL: s ile n c e  noise of gun
E) ACTION: shoot 
AGENT: a man 
OBJECT: book
2 )  INSTRUMENT: a gun
o
GOAL: determ ine c h a ra c te r is t ic s  o f f i r in g  p in
SUBGOAL: ob jec t 'c a tc h e s ' b u l le t ,  enab ling  agent to  ach ieve goal
In (A ), (B ), and (C ), the agent s lo t  is  bound to  'p e rs o n '.  A fte r  
the p is to l is  introduced the 'AGENT' s lo t  is  suddenly re-bound w ith  'a  
male person' (D ) . The 'ACTION' s lo t  undergoes severa l changes, from  
'e a t '  through 'r e a d ' and 'h id e ' to 's h o o t ',  i t s  f in a l  v a lu e . An 
'INSTRUMENT' s lo t  is  introduced a f t e r  the gun is  mentioned in s to ry  l in e  
th re e , and the 'GOAL' s lo t  changes re p e a te d ly , sometimes look ing  l ik e  
th is :
F) ACTION: shoot 
AGENT: a man
OBJECT: a p i le  of o b jec ts  
INSTRUMENT: a gun 
GOAL: ?
The models change re p e a te d ly  because ;there is  no p a r t ic u la r  
conclusive  way in which candidate models may be e v a lu a te d . W hile some 
of the models proposed lack  p la u s ib i l i t y , ,  they could be accep tab le  
accounts of the events in the s to ry  i f  the goal o f  the a c to r  were Known, 
For instance, i f  the s to ry  had contained the in fo rm atio n  th a t the a c to r
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wanted to do a b a l l i s t i c s  t e s t ,  then shooting in to  the g iven  p i le  o f 
o b jec ts  might be considered a s in g u la r ly  odd way o f conducting such a 
t e s t ,  but the model -  th a t the person is  shooting the book to  .'c a tc h ' 
the b u l le t  -  could be eva luated  in terms of the in fo rm atio n , and o th er  
models re je c te d  out o f hand.
The model w i l l  be fu r th e r  discussed in Chapter 7 .
6 .3  THE BULLETHOLE PROBLEM AS AN ABSTRACT TASK ( 1 ) .
The 'BULLETHOLE' problem statem ent con ta ins  s ta tem en ts  designed to  
tr ig g e r  e ith e r  re a l world knowledge or knowledge about SOLO programming 
concepts. The assumption m o tiva tin g  p resen tin g  problems in terms of 
o rd in a ry , re a l world events is  th a t such a p re s e n ta tio n  makes i t  a lo t  
e a s ie r  fo r  students to understand what the problem is .  Put another way, 
the assumption is  th a t a b s tra c t d e s c rip tio n s  o f  the problem would make 
the problems harder to s o lv e . There is  evidence from s tu d ie s  in  
deductive and in d u c tive  reasoning (Uason, 1978; Uason 8. S t .  John 
Evans, 1975) th a t people are  ab le  to  so lve  problems couched in  terms o f  
f a m il ia r  a c t iv i t i e s  but are  unable to so lve the same problems when they  
are  presented a b s tra c t ly ,  or have a g rea t deal more d i f f i c u l t y  w ith  such 
p re s e n ta tio n s .
That is  the assumption. But perhaps couching programming problems 
in terms of re a l world events is  a bad id ea . I t  may be th a t a p r io r i  
models of the world preempt processes th a t might o therw ise  be used to  
construct an adequate re p re s e n ta tio n  of the problem, or lead most
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students to co ncen trate  on aspects of the problem which are  ir re le v a n t  
to the problem 's s o lu t io n . The m a jo r ity  may be b e t te r  o f f  w ith  a b s tra c t  
forms of problems. In o rder to te s t th is  p o s s ib i l i t y ,  two d i f fe r e n t  
a b s tra c t forms o f the 'BULLETHOLE' problem were devised and the re s u lts  
compared w ith  the re s u lts  from s tu d ie s  o f Subjects s o lv in g  the o r ig in a l  
vers ion  o f the problem. These s tu d ie s  are  discussed in the next two 
Sect ions.
METHOD. Students a t the D303 Summer School (J u ly , 1982) who had 
se le c te d  A r t i f i c i a l  In te ll ig e n c e  as t h e ir  f i r s t  choice o f a Summer 
School P ro je c t were to ld  th a t the experim enter needed n ine Subjects  fo r  ; 
an experim ent and asked fo r  v o lu n te e rs . The f i r s t  n ine vo lu n tee rs  were 
accepted as S u b jec ts . ; A ll Subjects  were tes ted  in  the second day of 
th e ir  P ro je c t work. A ll the Subjects had been invo lved  in  the AI 
' t r a i l e r '  sessions in which vario u s  example programs were run fo r  them, 
and which they were allow ed to  'p la y  around w ith ' in o rder to determ ine  
the kind  of m odelling p ro je c t they wanted to a ttem p t. Students work 
together in  small groups a t Open U n iv e rs ity  Summer Schools and a l l  the 
S ubjects had been involved in d iscussions w ith  o th er members o f th e ir  
2 3 )  groups about the p ro je c t they would c a rry  o u t. The AI P ro ject; la s ts  two
and a h a lf  days, so the students were n e a rly  h a lf  way through th e ir  
P ro je c t before  they were tes ted  as S ub jects  in th is  experim ent.
Subjects  were tes ted  in a s m a ll, q u ie t room. They were g iven a copy of 
the problem statem ent (see F igure  6 .4 ) ,  the SOLO Programming Manual, and 
severa l sheets of paper and a b a llp o in t  pen. They were to ld  they could  
use the Programming Manual a t any tim e, i f  they wished, and were asked 
to read the problem te x t a loud , one l in e  a t a tim e , and to  ' th in k  out 
loud ' w h ile  they solved the problem contained in the prob lem .sta tem ent.
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T h e ir  comments were recorded on audio cas s e tte  tapes and tra n s c rib e d  a t 
a la t e r  d a te .
On page 80 of u n its  3 -4  we looked a t a method fo r  making a 
p a r t ic u la r  in fe ren ce  'keep on happening '.
Suppose SOLO had the fo llo w in g  d e s c rip tio n s  s to red  in  i t s  
database:
A------- R— -B
B------- R------- C
C — — — R — — — D
Could you w r ite  a procedure which makes the fo llo w in g  in fe re n c e :
I f  a node ( fo r  example, A in the database above) is  1 inked to
another node (say B) through the r e la t io n  'R ' then th a t node (A)
should have the d e s c rip tio n  'X  Y' added to  i t .  Moreover, any
node w ith  which an example node is  associated  should a lso  have 
the d e s c rip tio n  added to  i t ,  and so on.
Thus, fo r  the given database the d e s c rip tio n  'X - --- Y ' should be
added to each node (A,B,C and D ), so th a t the database would
look l ik e  th is  a f t e r  you have run your procedure:
A--------R----- -B
I
I— —X—— Y
B-------R-------C
I
I --------X-------Y
I -------X - -----Y
You can c a l l  your procedure 'ADDON'
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FIGURE 6 .4 .  An a b s tra c t vers io n  o f the 'BULLETHOLE' problem  
s ta te m e n t.
RESULTS: Of the n ine  S u b jec ts , on ly  s ix  were ab le  to  produce a
program. Three ty p ic a l programs are  provided in F ig u re  6 .5 .  As can be 
seen, none of the programs would achieve the re q u ire d  r e s u l t .  Indeed, 
i t  would be very d i f f i c u l t  to  say, g iven the programs, but not the  
problem, what e x a c tly  the programs were meant to ach ieve .
1) A-R-B
CHECK A R ?
A - - - -R  B
2) A-------R----- -B
then
A-------X— —Y
C-------R------- B B— — X-------Y
C-------X— — Y C— — X— — Y
TO ADDON
[ I f  (X ) -R  (2 )
Then (X ) X YU
[ I f  X is  ] ( (X) )  R (sq u ig g le )
CHECK (X )------- X— — Y
I f  present (Z )— — X------- Y
I f  not (X )  X - Y
CHECK (A )------- R— — B
3) TO ADDON /TO P /
1 FOR EACH CASE OF /TO P / R ?
[NOTE /TO P /— >X------>Y3
lA NOTE /T O P / X Y 
IB CHECK [?  R] ADDON ?
[NEXT]
DONE
Figure  6 .5 .  Example programs designed by S ub jects  g iven  an 
ab s tra c t vers ion  o f the 'BULLETHOLE'. problem . ;
In Chapter 7 there  w i l l  be a d iscussion  of th in K -a lo u d  p ro to c o ls
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taken from two of s ix  Subjects  who worked on the 'BULLETHOLE' problem in  
our la b o ra to ry . For the moment, i t  is  enough to  know th a t o f these s ix  
Subjects  (S5 through S 10), fo u r s a t is f a c t o r i ly  solved the problem by the. 
c r i t e r io n  of producing a program which succeeded in changing the input 
database to the re q u ire d  output database. The d if fe re n c e  between the 
Subjects  who were g iven the 'c o n c re te ' vers io n  of the 'BULLETHOLE' 
problem (S5-S10) and those who were g iven the a b s tra c t vers io n  is  h ig h ly  
s ig n if ic a n t  (F is h e r 's  exact p ro b a b il i ty  = .0 1 0 ) .
N everth e less , i t  was thought unsafe to draw any general; conclusions
from the experim ent because th ere  is  some reason to  doubt th a t the 
problem statem ent make the natu re  o f the problem a s .c le a r  as i t  could  
have been. Although some Subjects  seemed to have no d i f f i c u l t y  
understanding the problem (as opposed to so lv in g  i t ) ,  o thers  c le a r ly  
d id . F igure  6 .6  represen ts  a b r ie f  e x tra c t from the p ro toco l o f a 
Subject who understood the problem, and was attem p tin g  to  make the  
problem co n crete , and F igure  6 .7  g ives a b r ie f  e x tra c t from the pro toco l 
of a d i f fe r e n t  Subject: who may have been u t t e r ly  confused sim ply by the 
wording of the problem s ta tem en t.
E: Okay what, do you know?
T h a t's  th ree  d e s c rip tio n s , um.. . .  A R B, B R C,
C— — R D. U e ll these are  ju s t  code le t t e r s ,  I could
tra n s la te  these in to  words and make more sense o f them. :
E: How could you do that?
U e ll I would, w ell where i t ' s  got A---- -R ------ -B I could say
A lan, R is  the same every tim e so I could say.A lan  read e r ,  
l i s t  B . . . .  No I c o u ld n 't I 'd  have to assume th a t these were 
people so I could say Alan read , um .... .  Alan read to B i l l y
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and then on the next l in e  we've got B i l ly  read to  Charles  
and then C harles read to D avid . E r , the R is  the same every  
time so i t  must be an a c tio n  l ik e  read to or c a l l  i t  what 
you l i k e .  And the o th er th ings would only make sense i f  they 
became o b je c ts . S h a ll I c a rry  on.
FIGURE 6 .6 .  Statem ents from a protoco l g iven by one o f the 
Subjects perform ing on the 'a b s t r a c t '  vers ion  
of the 'BULLETHOLE' problem.
2 3 )  Well I'm  read ing  i t  to  see i f  th e re 's  something I have not
read p ro p e rly  because I ' m . . . .  I'm  checking out whether any
in fo rm ation  is  being given as to what 'X  —Y' is ,  or
whether i t ' s  p u re ly  an a b s tra c t re la t io n s h ip  th a t I'm  
supposed to  make in ferences  about as w e ll .  Now I d o n 't  
understand what I 'v e  got to  do, I r e a l ly  d o n 't .  I d o n 't know 
w hat's  expected of me.
FIGURE 6 .7 .  Statem ents from a p ro toco l g iven by another Subject
perform ing the 'a b s t r a c t '  ve rs io n  of the 'BULLETHOLE' 
problem.
To circum vent any po ss ib le  a r t i f a c t s  in troduced:by expressing the  
a b s tra c t problem in  the manner of F igure  6 .1 ,  ( i . e . ,  d i r e c t ly  analogous 
to  the o r ig in a l 'BULLETHOLE' problem) a second vers io n  was dev ised , as 
described in sec tio n  6 .4 .
6 .4  THE 'BULLETHOLE' PROBLEM AS AN ABSTRACT TASK ( 2 ) .
METHOD: S ix  D303 students were presented w ith  the vers io n  o f the
problem statem ent given in F igure  6 .8 .  The purpose o f the experim ent
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was to make the statem ent o f the problem as concise and c le a r  as 
p o s s ib le . So as not to in te r fe r e  w ith  the Subjects  in  any way, 
p ro to co ls  were not taken . Subjects  were sim ply asked to read the 
problem statem ent and to perform  the task re q u ire d  of them. ; Here is  the  
problem statem ent:
Given a database d escrib in g  a re la t io n s h ip  between a sequence o f 
nodes, as fo llo w s :
R R R R
A------------------->B------------------- >C------------------->D—
w rite  a program which would re s u lt  in adding the d e s c rip tio n s
S S
'A ---------------  >Q,-B ---------------- >Q, e tc . , :  so th a t the database f in a l ly .
looks 1 ike th is :
! 1 1
1
1 S 
1
1
S 1 S 1 S 
1 1
1
!-----> Q <—
1 1
C a ll the program FOB, and use one param eter, i . e . ,  TO FOB /X / ,  
You should be ab le  to  ach ieve the f in a l  r e s u lt  by typ ing  in :  
FOB A.
WRITE YBUR PROGRAM IN THE SPACE BELOW, PLEASE.
Thanks fo r  tak in g  p a r t .
FIGURE 6 .8 .  In s tru c tio n s  g iven to  Subjects  perform ing on the  
'c le a r '  a b s tra c t vers io n  o f  the 'BULLETHOLE' 
problem.
RESULTS: None of the S ub jects  solved the 'c le a r e r '  a b s tra c t
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vers io n  of the problem. The programs produced by the Subjects  are  given  
in F igure  6 .9 ,  below. Again the d if fe re n c e  is  s ig n if ic a n t  (F is h e r 's  
exact p ro b a b il i ty  =
o
A)
TO FOO / X /
1 NOTE / X /  S ?
2 CHECK / X /  R ?
2A I f  P resent: NOTE *  S ?; EXIT
2B I f  Absent: EXIT
DONE
B)
TO FOO / X /
1 NOTE / X /  S ?B
2 FOR EACH CASE OF / X /  R *
2A FOO *
DONE
C)
TO FOO / X /
1 CHECK / X /  R 
lA I f  P resent: 
IB I f  Absent;
2 NOTE / X /  S
3 CHECK ?1 R 
3A I f  P resent: 
3B I f  Absent : 
ETC.
?1
CONTINUE
EXIT
?1; CONTINUE 
?2
CONTINUE
EXIT
D)
1 CHECK / X /  R ?
lA I f  P resent: CONTINUE 
IB I f  Absent :---- -------
2 CHECK / X /  S ?
2A I f  P resent: *  R ?
2B I f  Absent : -----
3 continue l ik e  th is  depending on sequence thrown up by computer u n t i l  
worked through the database.
E)
CHECK / X /  R / * /
i f  p resen t: NOTE / X /  R Y; CONTINUE 
i f  absent: FORGET / X /  R / * / ;  CONTINUE
CHECK E FOLLOWS D 
i f  p resen t: NOTE E R Y 
i f  absent : EXIT
p>
TO FOO / X /
CHECK / X /  R / Z /
I f  P resent: NOTE / X /  S / Z /
I f  Absent : EXIT
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FIGURE 6 .9 .  Programs w r it te n  by Subjects  g iven the 'c le a r '  
vers io n  of the a b s tra c t 'BULLETHOLE' problem.
DISCUSSION: Although no one solved the 'c le a r e r '  ve rs io n  of the
a b s tra c t problem, the s o lu tio n s  a c tu a lly  produced a l l  look to  be c lo s e r  
to  a c o rre c t s o lu tio n  than any of the programs produced under the 
'o b scu re ' a b s tra c t vers ion  of the problem . In fa c t ,  one o f the  
s o lu tio n s  (th e  one marked (B ), above) was very n e a rly  c o r re c t , a lb e i t  
fo r  the wrong re a s o n .j S o lu tio n  (B) has a bug in the f i r s t  step  of the 
program: the in s tru c tio n  should read 'NOTE / X /  S Q '. I f  we assume fo r
the moment th a t th is  p a r t ic u la r  bug is  the re s u lt  o f a temporary s l ip  of 
a t te n t io n , then the program would have worked. The s o lu tio n  is  g iven in  
(D) is  in te re s tin g  in th a t although i t  was not a very coherent design , 
and contained no recu rs io n  segment, the S u b je c t's  n o tio n  o f recu rs io n  is  
expressed in  the comment about the fu r th e r  behaviour o f the incom plete  
progam. Although the so lv in g  process was not recorded fo r  the S ub jects  
given the 'c le a r '  vers io n  of the problem, they a l l  in d ic a te d  to  the  
experim enter th a t they were unsure what e x a c tly  was re q u ire d  of them.
Taken to g e th e r, the experim ents suggest th a t complex in te ra c tio n s  
would be expected to occur when the d i f fe r e n t  elem ents a re  combined in to  
one programming problem s ta tem en t. The f i r s t  study showed th a t the  
's to r y '  elem ents, presented a lo n e , r e l ia b ly  tr ig g e re d  c e r ta in  re a l w orld  
knowledge, and th a t the s to ry  was tre a te d  as a problem to  be solved in  
terms of the po ss ib le  goal of the c h a ra c te r described in  the s to ry . In  
the f i r s t  experim ent of the second s tudy. Subjects  attem pted to  anchor 
the elements of the a b s tra c t problem in th e ir  knowledge o f  the w o rld , 
and f a i l in g  to do so, fa i le d  to understand what the problem was a l l
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about. I t  seems th a t on ly  very low le v e l programming knowledge was 
tr ig g e re d  by the elem ents of the problem s ta tem en t. In  fa c t ,  i t  looks 
as though the experim ental Subjects  t r ie d  to so lve the problem by 
copying down the t r ip le s  mentioned in  the problem statem ent in an e f fo r t  
to  c re a te  a program sim ply by fin d in g  a reasonable p a tte rn  fo r  la y in g  
the t r ip le s  o u t. In the 'c le a r e r '  vers ion  of the a b s tra c t problem, the 
experim ental Subjects  achieved more coherent program designs.; i This  
problem statem ent not on ly  was c le a r e r ,  but arguably  presents the 
problem in  somewhat more concrete term s. Perhaps th is  concreteness  
helped the Subjects to anchor the problem in o th e r concrete models they  
possessed, which in tu rn  acted as tr ig g e rs  to  h igher le v e l programming 
knowledge than was p o ss ib le  w ith  the 'h a rd ' vers io n  o f the problem.
This  is  pure s p e c u la tio n , of course, because, as has been in d ic a te d  
a lre a d y , p ro to co ls  were not gathered from these l a t t e r  S u b jec ts .
In the next Chapter we w i l l  tu rn  to an in te rp re ta t io n  o f the 
in te ra c tio n s  of the two sources of knowledge when the p ro to co ls  g iven by 
Subjects S5 and S8 are  s tu d ied  in  some considerab le  d e t a i l .
CHAPTER 7
A THEORY OF PROBLEM SOLVING IN COMPUTER" PROGRAMMING.i
o
7 .1  INTRODUCTION
In Chapter 6 a model of s to ry  understanding processes was o u tlin e d .  
In  th is  Chapter th a t model w i l l  be moulded in to  a theory of problem  
so lv in g  processes in the p a r t ic u la r  domain of programming. The theory  
a p p lie s  to both novice and expert programmers. The major c a te g o rie s  o f 
behavior p o s tu la ted  by the theory are  these:
1) Reading.
2) Schema a c t iv â t  ion .
3) Hypothesis g e n e ra tio n , and
4) C onfirm ation  or D isco n firm atio n  of Hypotheses.
That is ,  the very f i r s t  stage o f problem s o lv in g  in programming is  
bottom up, in vo lv in g  read ing  a p a rt of the problem s ta te m e n t. : However, 
the theory p re d ic ts  th a t programming knowledge w i l l  be a c tiv a te d  by 
fe a tu re s  o f the problem s ta tem en t, and th a t th is  a c tiv a te d  knowledge 
takes a lead ing  ro le  in gu id ing  the search fo r  in fo rm atio n  in  the  
problem statem ent. Th is a c tiv e  knowledge achieves i t s  e f fe c t  by serv in g  
as the basis  fo r  hypotheses about the contents o f the problem,: and these  
hypotheses may be e ith e r  confirm ed or d isconfirm ed by th a t in fo rm atio n  
co n ten t. I f ,  and when, a l l  o f the hypotheses from a c tiv a te d  programming
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concepts are  s a t is f ie d ,  the problem is  so lved . The theory  is  an 
' in te r a c t io n is t '  theory in the sense th a t understanding and s o lu tio n  
processes are  p os ited  to  operate  to g e th e r / That is ,  s o lu tio n  processes 
are not is o la te d  from ;the problem understanding process, as in  the 
'UNDERSTAND' system described in Chapter 2 . (See C h i, F e lto v ic h  &
G laser fo r  a model of in te ra c t iv e  processes in u n d ers tan d in g /so lv in g  
physics problems, and McDermott & L ark in  fo r  a 's ta g e ' (n o n -in te ra c tin g )  
m odel.) I t  is  in te ra c t io n is t  a lso  in the sense th a t d i f fe r e n t  sources o f  
knowledge c o n tr ib u te  to  the understanding processes.; Programming 
knowledge makes an im portant c o n tr ib u tio n  by d ire c t in g  a t te n t io n  to  
im portant aspects o f a problem d e s c r ip tio n . As a sim ple example, the  
'BULLETHOLE' problem statem ent -; as in d ica ted  in  Chapter 6 -  conta ins  
some statem ents designed to tr ig g e r  programming knowledge, and some 
statem ents designed to  tr ig g e r  world knowledge. In  terms o f the program  
th a t must be designed as a successful s o lu tio n  to the 'BULLETHOLE' 
problem, some aspects of the re a l-w o r ld  knowledge th a t would be 
tr ig g e re d  are ir r e le v a n t ,  and o th er aspects c ru c ia l * ! An understanding  
of the layout of th e 'O b je c ts  mentioned in the problem sta tem en t, and the  
o p eratio n  performed on them is  im portan t, i Understanding the goal o f the  
2 3 )  person described in  the s to ry  is  not im portan t. The th e o ry  may best be
exp la ined  by i l l u s t r â t  ion. F igure  7 .1  shows a schema-1 ike  
re p re s e n ta tio n  o f the knowledge a 'com petent' novice might have about 
re c u rs io n , in c lu d in g  coding o f  re c u rs iv e  procedures. The 'com petent' 
novice would be one who had, say, the Loop model o f  recu rs io n ,: i . e . ,  has 
a model of the behaviour of re c u rs iv e  procedures, and is  ab le  to  
m en ta lly  s im u la te  the behaviour o f procedures o f  th a t type (perhaps  
in a c c u ra te ly ; see Chapter 4)
SRECURSION
GOAL: (ForEvery x In (my a p p lie s -to )  do
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( ach i eve (my a d  i on) x)
ACTION: (a s id e -e f fe d l  {DEFAULT (a NOTE) })
APPLIES-TO: (a c h a in - re la l io n  1 i s t ) .
LOOP-FOR: (ForEvery x In (my a p p lie s - to ) )
TRIGGER: 'Keep on happen ing ', 're a p p ly '
SURFACE-TEMPLATE:
TO (namel =(a name)) (a param eter (d e fa u lt :  X »
(my act ion)
CHECK (a v a r ia b le )  (a r e la t io n )  (a w ild card )
IF PRESENT: (a procedure
w ith  name = namel
w ith  param eter = * ) ;  EXIT
IF ABSENT: EXIT ;
EVALUATION-RULES:
1) ( l e t  param eter = the s ta rtn o d e  from (my a p p l ie s - to ) )
2) (app ly  (my a c tio n ) param eter)
3) (a s s e rt '(ACHIEVED , (my a c tio n ) , p aram eter))
4) ( l e t  param eter = (GetNextNode))
5) (ForEvery x In  (GetRestOfNodes)
(a s s e rt '(ACHIEVED ,(m y a c tio n ) , x ) ) )
FIGURE 7 .1 .  A Recursion schema.
A schema-1iKe re p re s e n ta tio n  of the c h a in -re la t io n  1 is t  schema 
re fe r re d  to in the Recursion schema is  g iven in F igure  7 .2 .
CHAIN-RELATION-LIST 
SERVANT-OF: (Recursion)
SURFACE-STRUCTURE:
node 1---- cha in - r e 1 a t ion -----node2— -cha in—r e l  a t ion— —node3-— e t c ■
SURFACE-TEMPLATE:
(a chain
w ith  nodel = (a node)
w ith  r e la t  ion = (a c h a in -re la t io n )
w ith  successor-nodes = (a 1 is t  o f nodes))
FIGURE 7 .2 .  A chain schema.
The Recursion schema encodes the fo llo w in g  in fo rm a tio n . The Goal 
of a re c u rs iv e  procedure is  to  achieve a p a r t ic u la r  a c tio n  on every  node 
in a p a rt ic u la r  chain of nodes. Im p lic i t  in the schema's 
'E v a lu â t io n -ru le s ' is  the b e l ie f  th a t re c u rs iv e  procedures are  meant not 
sim ply to achieve an a c tio n  on every node in  a p a r t ic u la r  l i s t ,  but to  
do so in  the o rder in which they are encountered, i . e . ,  from the fro n t  
to the end of the l i s t .  The index to the schema is  one o f two Key words.
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or phrases: 'r e a p p ly ',  or 'Keep on happening' (te rm ino logy  rep ea ted ly
used in the SOLO Programming Manual in the d iscussion  o f re c u rs io n ).
The A ction s lo t  has a d e fa u lt  s p e c if ic a t io n  th a t the a c tio n  to be 
performed w i l l  be d s id e -e f fe c t  on the database (NOTE = a d d itio n  to the  
datab ase). A p a r t ic u la r  database s tru c tu re  is  s p e c if ie d  in the 
'A p p lie s - to ' s lo t :  a c h a in -re la t io n  l i s t .  The schema a lso  con ta ins  a
's u r fa c e -s tru c tu re ' re p re s e n ta tio n  of an id e a liz e d  re c u rs iv e  procedure, 
and the 'E v a lu â t io n -ru le s ' embody the Loop model o f recu rs io n  described  
in chapter 4 .
Assume th a t th is  schema was tr ig g e re d  by the Keywords i'Keep on 
happening' in the f i r s t  l in e  o f the problem s ta tem en t. As discussed in  
Chapter 6 , in s ta n t ia t io n  of the schema is  accomplished by b ind ing  values  
to i t s  vario u s  s lo ts ,  i One way to  th inK  about th is  'b in d in g ' o p era tio n  
is  to suppose th a t each s L o t's  s p e c if ic a t io n s  serve ds the bas is  of 
hypotheses about the in fo rm atio n  contained in the problem s ta tem en t.
So, the 'hypotheses' a r is in g  from the recu rs io n  schema can be ;in fo rm a lly 
s ta te d  as:
Hypothesis-1 : the problem has to  do w ith  d 1 is t  o f  o b je c ts . .
H ypothesis-2: the o b jec ts  w i l l  be 1 inKed by a chain r e la t io n . ;
H ypothesis-3: some a c tio n  w i l l  be s p e c if ie d .
H ypothesis-4: the a c tio n  to  be performed w i l l  be achieved f i r s t  on the  
o b jec t a t the head o f the l i s t ,  then on a l l  of the o th er  
o b je c ts  in the t a i l  of the 1 is t .
These hypotheses represen t the Knowledge which is  presumed to  be 
encoded in procedures :that are  a ttached  to the vario u s  s lo ts  in the  
recu rs io n  schema, and which become a c tiv e  when a copy of the schema is  
in s ta n t ia te d . As long as the schema is  a c t iv e , i t s  procedures se t up
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searches fo r  s p e c if ic  in form at ion to  bind the schemas s lo ts  to . Defaul t; 
va lu es  are in s ta n tia te d  in the case of f a i lu r e  o f the a tta c h e d  
procedures to  produce a  r e s u l t .  I t  is  a lso  proposed th a t schemas can
a c t iv a te  o th er schemas, and are  ab le  to use each o th e rs ' p a r t ia l  and
^ :
f in a l  re s u lts  (Anderson, 1976). Examples of such processing mechanisms 
w il l  be discussed in  Chapter 8 , but not the exact n atu re  o f the 
processes, as these a re  unknown.
Of course, the 'r e a l  w o rld ' schemas discussed in  Chapter 6 w ith  
respect to  the 'BULLETHOLE' s to ry  a lso  w i l l  be tr ig g e re d  by o th e r  
statem ents in the problem te x t .  The theory renders the hypotheses from  
these schemas a c tiv e  but g e n e ra lly  in e ff ic a c io u s  by the fo llo w in g  r u le :  
the hypotheses from a c tiv a te d  domain re la te d  Knowledge have p r io r i t y  in  
guid ing  the search fo r  in fo rm atio n  in  a problem d e s c r ip tio n ; c a l l  such 
a domain re la te d  schema a 'p red o m in a tin g ' schema.! I f  domain re la te d  
Knowledge is  not tr ig g e re d , or is  'content, f r e e ' ,  then the re a l world  
schemas would take a predom inating ro le  in  guid ing processing.: By
'c o n te n t f r e e ' I mean th a t some novices a re  presumed to  have acqu ired  
the names of concepts, but not much more.: i Such a schema might look
J  something l ik e  th is :
RECURSION 
GOAL: ?
ACTION: ?
TRIGGER: 'Keep on happen ing '.
EXAMPLE: ' INFECT' procedure in Programming Manual.
Several p re d ic tio n s  are  made from the th eo ry . F i r s t ,  g iven a ' 
problem statem ent th a t conta ins  a p o in te r  to the Recursion schema, th a t  
schema w i l l  be a c tiv a te d  and guide the search fo r  in fo rm atio n  in  a 
problem statem ent. There is  such a p o in te r  in the f i r s t  statem ent of
othe problem te x t :  "On page 80 o f U n its  3 -4  we looKed a t  a method fo r
making a p a r t ic u la r  in fe ren ce  'Keep on h a p p e n in g ' IN O T E :  U n its  3 -4  =
SOLO Programming Manual] .  Second, the im portant aspects o f  the problem  
statem ent in the programming task are  those th a t have to  do w ith  the 
layout of o b jec ts  and :the a c tio n  perform ed, and not the m otive o f the 
person perform ing the a c t io n . That is ,  given the fo llo w in g  schema-1 ike  
re p re s e n ta tio n  o f a Shooting schema and subschematd:
SHOOTING
GOAL: (th e  Goal in  (my SPECIALIZATION))
AGENT: (a Person (DEFAULT (a Man)})
INSTRUMENT: (a gun (DEFAULT (a P i s t o l ) »
OBJECT: (th e  Object in (my SPECIALIZATION))
CONSEQUENCE: (th e  O bject in (my SPECIALIZATION) has a
b u lle t  ho le)
(th e  Agent
SPECIALIZATION: (an Event (o f type : A ggression)}
SPECIALIZATION: (an Event (o f type: S p o rt))
SPECIALIZATION:- (an Event (o f type : H un tin g ))
'  '  "  "
SHOOTING/Aggress ion
GOAL: (one from (vengeance, je a lo u s y , e t c . ) )
AGENT: (a Person (DEFAULT (a M an )»
INSTRUMENT: (a gun (DEFAULT (a P i s t o l ) }) :
OBJECT: (an Anim ate-O bject (DEFAULT (a p e rs o n )»
CONSEQUENCE: .........
SHOOTTNG/Sport
GOAL: (ach ieve Esteem) ; :
AGENT: (a Person (DEFAULT (a M an)}) 
OBJECT: (an Object (DEFAULT (a T a r g e t )»  
INSTRUMENT: (a gun)
SHOOTTNG/Hunting
GOAL: (one from ( . . . . . . . »
AGENT: (a Person (DEFAULT (a M an )»  i
OBJECT: (an Anim ate-O bject (DEFAULT‘Can Anim al) »
INSTRUMENT: (a gun)
i t  is  p red ic ted  th a t when the Shooting schema is  tr ig g e re d  in  the  
programming ta s k , the Sport tra c k  (a s p e c ia liz a t io n  o f the more g en eric
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Shooting schema (see Schank & Abelson, 1978)) would be se le c te d  as a 
candidate schema fo r  understanding in fo rm ation  gained befo re  the po in t 
a t which the Shooting schema was a c t i va te d , and for, making fu r th e r  
p re d ic tio n s  about needed o th er in fo rm a tio n . In the s to ry  understandings  
ta s k , one o f the fo u r S u b jec ts , on read ing  the re le v a n t statem ent from  
the s to ry , s a id ; " I d o n 't know what to make o f t h a t ."  In th e ir  f i r s t  
response to  the s ta tem ent, the o th er th ree  Subjects  f i r s t  mentioned:
2) a h id e -o u t,
3) a spy.
The responses a l l  in d ic a te  th a t the Aggression tra c k  had been 
chosen to combine w ith  o th er knowledge to form a model o f the even ts  
th a t had been described in the s to ry . The S ub ject whose complete 
protoco l was analyzed in Chapter 6 f i r s t  of a l l  thought o f a h id e -o u t, 
and subsequently thought o f Shooting-range (Sport tra c k  o f the Shooting  
( 2 )  schema), but dismissed the idea w ith  the statem ent : "But h a rd ly  w ith  a
sandwich on i t " .  In Chapter B we s h a ll see th a t  these p re d ic tio n s  were
^ ■ :■  ^ . ; : 
only p a r t ia l l y  supported.
7 .2  AN INTERPRETATION THEORY FOR SCORING VERBAL PROTOCOLS.
The aim of th is  sec tio n  of the Chapter is  to  p rovide a formal 
statem ent of the problem s o lv in g  s tra te g y  in terms of an in te r p r é ta -
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l io n  theory fo r  the a n a ly s is  o f v e rb a l p ro to c o ls , The theory in d ic a te s  ; 
the p a tte rn ed  b eh av io r o f problem so lve rs  when they a re  confronted  w ith  
a problem s ta tem en t.
There are  two major approaches to pro toco l a n a ly s is  (B reuker,
1981). One approach is  bottom up in  th a t i t  invo lves search ing  the  
protoco l fo r  in fo rm a tio n , and im p lies  a f a i r  amount o f ignorance about 
what in fo rm atio n  the pro toco l con ta ins  -  before  the search begins, a t  
any r a te .  Examples of. th is  kind of a n a ly s is  can be found in Chapter 4 ,  ^
where the comments on the Program Q uestionnaires  were used to make 
in ferences  about respondents' models of re c u rs io n . The model o f problem  
understanding developed by Hayes:& Simon was a data  d riv e n  model : they
went to the protocol to f in d  out what was in i t ,  and c rea ted  th e ir  model 
to  account fo r  what they found. (See Byrne, 1976, f o r  a discussion  of 
the good uses to which such analyses may be p u t .)
The second approach is  top down: one begins w ith  a good idea of
what the protoco l conta ins  and uses the  pro toco l to co n firm  o r  
d isco n firm  e x p ec ta tio n s . In such cases, p ro to co ls  can be considered as 
^  te s ts  of a model or a th eo ry . The behaviour recorded in  the p ro toco l
should c lo s e ly  match th a t p re d ic te d  by the theory i f  the theory is  to  
re c e iv e  su p p o rt.
I t  was in d ica ted  in the f i r s t  s e c tio n  of th is  Chapter th a t the  
major ca te g o rie s  o f behaviour p o s tu la ted  by the theory presented here  
are  these:
1) Reading.
2) Schema act iv a t ion .
3) Hypothesis g en era tio n , and
4) Conf irm at ion or D isco n firm atio n  o f Hypotheses.
oc
, PAGE 7 -9
Rules are  given below fo r  c la s s ify in g  pro toco l s ta tem ents  as 
instances o f one or another o f these c a te g o rie s  o f b eh av io u r.
In a d d itio n  to these fo u r ca teg o ries ,! there  a re  severa l o th e r , less  
im portant c a te g o rie s , which are  needed to account fo r  the su b jec ts  
protocol in d e t a i l .  These d i f fe r e n t  behavior c a te g o rie s , and ru le s  fo r  
scoring  l in e s  o f pro toco l in  terms of them, are  fo rm a lly  s p e c if ie d  
below. The term inology d i f f e r s  s i ig h t ly  from th a t o f Chapter 6 because 
i t  is  e a s ie r  to describe  the problem s o lv in g  processes discussed in  the 
next chapter in terms of the a c t iv a t io n  and in te ra c t io n  o f 'schemas' 
ra th e r  than 'm o d e ls '.
1) READING: A person reads a 1 ine  from the problem t e x t .
RE-READING a lso  occurs in the course of problem s o lv in g , and is  assumed, 
to be re la te d  to search and in te g ra l ion processes.
2) SCHEMA ACTIVATION: Schemas are  a c t iv a te d  in one o f two ways.
F i r s t ,  they may be tr ig g e re d  by elem ents o f the problem s ta tem en t, i . e . ,  
they are a response to  READING, or RE-READING, and a 1 ine o f p ro toco l 
J  im m ediately subsequent to these processes should be examined fo r
in d ic a tio n s  of th is  process. Schema a c t iv a t io n  o f th is  type is  denoted  
on the analyzed p ro to co ls  as ' S -A (C )' which stands fo r  'Cued A c tiv a t io n  
of a Schema'. A c tiv a tio n  of a schema is  o fte n  s ig n a lle d  by comments 
such as "Oh, th a t reminds me of (something or o th e r )" .  Concepts may 
a lso  be a s s o c ia iiv e ly  cued, through processes o f spreading a c t iv a t io n  
(C o llin s  & L o ftu s , 1972) or a s s o c ia tiv e  r e t r ie v a l  processes, (Simon, 
1979). On the analyzed p ro to c o ls , 'S -A (A ) ' stands fo r  'A s s o c ia tiv e  
A c tiv a tio n  of a Schema'. An example o f 'cu ed ' and then 'a s s o c ia t iv e '
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a c t iv a t io n  is  th is .  Suppose someone read :thg second l in e  o f the problem  
statem ent : "F u rth e r, th is  world is  h ig h ly  organ ized: the sandwich is  t
on the p la te ,  which is  on the newspaper,; which is  on the booK, which I 
re s ts  on the ta b le , which, of course, is  s i t t in g  on the f lo o r " .  I f  the  
Subject responded: "T h a t's  a funny s o rt of house", then 'a  funny so rt
of house' would be an instance of cued a c t iv a t io n  o f d concept. I f  the
Subject then went on to say: "Reminds me of my m other", then 'm other';
would be an instance o f an a s s o c iâ t iv e ly  cued schema; h is  concept o f h is  
'm o th er' being somehow a s s o c iâ tiv e ly  lin k e d  w ith  h is  concept o f 'fu n n y  : 
s o rts  of houses'. A ll  mentions of SOLO c o n s tru c ts , and most programming 
concepts should be marked as instances o f  schema a c t iv a t io n ,  i f  th e re  is  
no mention of these in the ac tu a l problem statem ent.; I f  the Subject had 
o r ig in a l ly  responded: "This reminds me of For Each Case Of" then 'F o r
Each Case O f' would a lso  be an instance o f cued a c t iv a t io n  o f a schema. 
The d iscussion has focussed on the a c t iv a t io n  o f programming knowledge, 
but these comments, and those to fo llo w , apply a lso  to  o th e r knowledge. . 
A c tiv a tio n  o f a schema is  e q u iv a le n t to making the in fo rm atio n  encoded 
in the schema a v a ila b le  fo r  problem s o lv in g .
(^ J  3) HYPOTHESIS-GENERATION: The hypotheses from a c tiv a te d  schemas
are  o fte n  r e f le c te d  in statem ents o f e x p e c ta tio n s . In g e n e ra l,
HYPOTHESIS-GENERATION may be recognized as some s o rt o f q u es tio n . For
example, one o f our S ub jects , upon read ing  L ine 4 o f the problem  
statem ent ("Im agine somebody stand ing  beside the ta b le  w ith  a .357  
Magnum p i s t o l . ) ,  said:; " Is  he going to shoot the sandwich o r .:
s o m e t h i n g ? "  T h e  l i n e  w o u l d  b e  s c o r e d  a s  H Y P O T H E S IS -G E N E R A T IO N .
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4) CONFIRMATION & DISCONFIRMATION: When the person se ts  up an
hypo- th e s is , subsequent l in e s  of the problem statem ent (o r t ra in s  of 
thought) may provide evidence fo r  o r ag a in st the hypothesis .
In fo rm atio n  in problem statem ents read p re v io u s ly  may confirm  or 
d isco n firm  hypotheses,, but unless the reader has kept a l l  p re v io u s ly  
acquired  in fo rm atio n  in mind, then RE-READING would be necessary in  
order to d iscover i t .  : CONFIRMATION is  r e f le c te d  in statem ents such as 
the fo llo w in g : "Ah, I was wondering about th a t . . . . "  "That c le a rs  up
what I sa id  b e fo r e . . . . "  And so fo r th .
5) PROBE: Knowledge may be more or less  w ell o rg an ized , more or 
less  com plete. In  o rder to determ ine whether the knowledge one has is  
a p p ro p ria te  to a task in hand, one sometimes needs to c r i t i c a l l y  examine 
th a t knowledge. Exam inations o f knowledge are c a lle d  PROBEs. They
would be r e f le c te d  ir f  a p ro toco l where a person e xp la in s  what he knows 
about a concept, or ap p aren tly  d e fin es  a concept, o r  considers  i t s  
re levance fo r  the task in hand.
6) ELABORATION: When a person uses an a c tiv a te d  schema to o rg a n ize
m a te r ia l,  he is  sa id  to  e la b o ra te  the m a te r ia l.  For example, when given  
the second l in e  of the 'BULLETHOLE' problem, some S ub jects  e la b o ra te  the  
l in e  -  which only mentions s ix  o b jec ts  w ithout s p e c ify in g  r e la t io n s  
between them, o r any th in g  e ls e  about them -  in terms of the  
'd in in g -ro o m ' schema. ? ELABORATIONS add in fo rm atio n  which was not 
s p e c if ic a l ly  s ta te d  in  the problem sta tem ent.
7) DESIGN: A person may respond to a p o rtio n  of te x t  by d iscussing  
im plem entation d e ta i ls  in general term s. I f  a person says something
oo
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l ik e :  " I t  looks as though I might need a subprocedure fo r  t h is . " ,  o r ,
" I'm  ju s t going to  ignore the d e ta i ls  fo r  the tim e b e in g ." , then the  
person is  obviously  concerned w ith  program design a t a very  general 
le v e l .
8) M-CODING: The 'M ' in M-CODING designates 'm e n ta l' .  Th is occurs
when a person attem pts to w r ite  a p ro g ra m i'in  the h ead '; w ithou t access 
to a term inal or a ttem pting  to  w r ite  down a program.; Th is  process is  
d is tin g u is h a b le  from DESIGN in the le v e l of; d e ta i l  ; M-CODING is  an 
im plem entation of a design .
9) EVALUATION: This a c t iv i t y  takes severa l fdrm s. EVALUATION 
occurs when a person determ ines the output; fo r  a segment o f code he has 
w r it te n . A lso, EVALUATION occurs when a  person attem pts to determ ine  
the appropriateness o f  a p a r t ic u la r  a lg o rith m  fo r  the cu rre n t problem.
10) PROCESS-COMMENT: The person comments on h is  own mental
processes or s ta te s  o f  knowledge. Here are  some examples: "That makes
sense". "This problem 's too h ard ". " I c a n 't  see what I'm  meant to  do".
11) EXPERIMENTER-COMMENT: Any comment made by the exp erim en ter.
The experim enter is  in d ica ted  by 'E ; '  a t the fro n t  o f a l in e  of
12) RESPONSE/CLARIFICATION/QUERY: Here are  lumped to g e th er th ree
types of behaviour. In  general they have to  do w ith  the working  
re la t io n s h ip  between the Subject and the Experim enter; ra th e r  than w ith  
problem so lv in g  per se . For example, the experim enter may know th a t a
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p a r t ic u la r  S ub ject is :a  slow ty p is t  and o f fe r  to  type in  a database, or 
may o f fe r  the Subject a  cup o f c o ffe e , and so on. The Subject: may be 
unsure about procedure, e .g . ,  should he Keep ta lk in g  even when he is  
typ ing  a program a t the te rm in a l, o r , is  he allow ed to  make notes , e tc .  
These w i l l  be demonstrated below.
7 .3  THE BULLETHOLE PROBLEM: SS'S PROTOCOL (READING PHASE)
This sec tio n  presents a d e ta ile d  a n a ly s is  of the read ing  phase of the  
( 2 )  protocol taken from SB w h ile  the Subject worked on the 'BULLETHOLE'
problem. The f u l l  te x t of the 'BULLETHOLE' problem is  presented  
im m ediately, below, fo llow ed  in the next s e c tio n  by the pro toco l i t s e l f ,  
and then by a d e ta ile d  d iscussion  of the im portant c h a ra c te r is t ic s  o f 
the p ro to c o l.
c
7 .3 .1  THE BULLETHOLE PROBLEM STATEMENT
On page B0 of U n its  3 -4  we looked a t a method fo r  making a 
p a r t ic u la r  in feren ce  'keep  on happening '.
In th is  op tion  you are  asked to imagine a s ta te  o f the w orld  
in which there  are  s ix  o b je c ts : a sandwich, a p la te ,  a 
newspaper, a book, a ta b le  and a f lo o r .
F u rth e r , th is  h y p o th e tic a l world is  h ig h ly  s tru c tu re d : the 
sandwich is  ly in g  in the cen tre  of the p la te ,  which is  
s i t t in g  on the newspaper, which is  ly in g  on the book, which 
is  on the ta b le , which of course re s ts  on the f lo o r .
The o b jec ts  and th e ir  re la t io n s h ip s  can be represented  as 
the fo llo w in g :
SANDWICH.. .ON...PLATE
PLATE...ON...NEWSPAPER
NEWSPAPER...ON...BOOK
BOOK...ON...TABLE
TABLE...ON...FLOOR
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Now imagine someone standing  beside The ta b le  w ith  a .357  
magnum p is t o l .
The person puts the muzzle of the gun on top of The 
sandwich, so the gun is  thus po in ted  Towards the f lo o r .
A .357 magnum w i l l , ;  when f i r e d ,  put a hole in anyth ing  in  
the path of the b u l le t .
The person f ire s  the p is t o l .
Can you w r ite  a procedure which makes the fo llow ing; 
in fe ren ce : when you shoot an o b je c t th a t ob jec t has a 
b u lle th o le ;  moreover, any o b jec t which i t  is  on a lso  has a 
b u lle th o le ,  and so on.
Your procedure, and i t s  e f fe c t  on our database might look  
something 1 ike th is :
SOLO: SHOOTUP SANDWICH
SANDWICH...ON...PLATE
I
1...HAS...BULLETHOLE
PLATE...ON...NEWSPAPER
!
1...HAS...BULLETHOLE  
NEWSPAPER...ON...BOOK
I
1...HAS...BULLETHOLE  
BOOK...ON...TABLE
I
! . . .  HAS...BULLETHOLE 
TABLE...ON...FLOOR
I ^
1...HAS...BULLETHOLE ■
FLOOR...HAS...BULLETHOLE ,
In o th e r words, you are asked to  w r ite  a procedure which 
'p u ts  b u lle th o le s  in o b je c ts ' th a t are  stacked up l ik e  
these, s ta r t in g  w ith  the o b jec t on top .
7 .3 .2  SB'S PROTOCOL (READING PHASE)
The segment of pro toco l presented here -  one hundred 1 ines -  inc ludes  
the S u b je c t's  comments only during  the read ing  of the p ro b lem .sta tem en t, 
from p re s e n ta tio n  of the problem u n t i l  the la s t  l in e  has been read and 
commented on by the S u b jec t. This p a rt o f  the p ro toco l is  given in  i t s
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e n t i r e ty ,  and discussed in terms of i t s  f i t  to the p a tte rn  o f behaviour 
p re d ic te d  by the in te rp re ta t io n  th eo ry . Here, then , is  the protoco l :
1 "On page 80 o f  U n its  3 to  4 we looked a t  a READING
method fo r  making a p a r t ic u la r  in fe ren ce  'keep  
on happening '.
2 Um, I c a n 't ,  uni.. . .
3 Is  th a t c a lle d  ' i t e r a t io n '?
4 No, 'r e c u r s io n '.
META-COMMENT
S-A(C)
DISCONFIRMATrON/S-A(C)
5 I can, I can remember something about being S-A(A) 
to ld  something about the d is t in c t io n  between 
i te r a t io n  and recu rs io n  and one goes s o rt of 
l ik e  along a database and the o th er s o rt going  
down.
META-COMMENT
9 .
6 W e ll, th a t 's  how I s o rt of thought of i t
7 Wei 1 . . . .
E: A lr ig h t ,  any fu r th e r  exp ecta tio n s  or a n y . . . .  EXP-COMMENT
8 W e ll. . . .  ?
E: I ju s t want to  know every th in g  you uh, I 
mean as you read i t . . . .
9 So, I th in k  th is  is  going to say something 
about what happens when you keep on app ly ing  a 
fu n c tio n  through a database.
E : Okay
10 Is  th a t okay, can I go on?
E: Yeah.
EXP-COMMENT
HYPOTHESIS
EXP-COMMENT 
QUERY : 
EXP-COMMENT
11 "In  th is  op tion  you are asked to  imagine a READING 
s ta te  of the world in which th ere  are  s ix
o b je c ts : a sandwich, a p la te ,  a newspaper,; a 
book, a ta b le  and a f l o o r . "
12 Um, so, i t  looks l ik e  I 'v e  got to  ju s t META-COMMENT/ 
imagine those th ings in is o la t io n  and then ju s t  HYPOTHESIS 
going to be to ld  something about them which w i l l
r e la te  them or so m eth in g ...
13 (So) I make sense of th a t .
14 I f in d  i t  very d i f f i c u l t  to  imagine 
th in g s .
META-COMMENT
META-COMMENT
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15 I mean you've got To put Them in some s o r t  META-COMMENT 
of sen s ib le  o rg an iza t io n . . .
16 So, r ig h t  a t The moment I could be 
im agining a room w ith  a f lo o r ,  w ith  a s o rt of 
q u ite  d is t in c t iv e  p a t t e r n . . . .
S-A(C)
17 So i t ,  so th a t i t  r e a l ly  looks l ik e  a f lo o r  META-COMMENT 
to me.
18 And ta b le  on which th e re 's  a book, a HYPOTHESIS 
newspaper and a p la te  w ith  a sandwich on i t .
19 I mean th a t 's  how I imagine i t  now but: I . . .  META-COMMENT
20 Perhaps I'm  going to  be to ld  something to  HYPOTHESIS 
make me a l t e r  th a t .
21 A l l r ig h t . ?
22 "Further th is  h y p o th e tic a l w orld is  h ig h ly  READING
s tru c tu re d : the sandwich is  ly in g  in the cen tre  
of the p la te ,  which is  s i t t in g  on the newspaper, 
which is  ly in g  on the book which is  on the ta b le  ; 
which of course re s ts  on the f 1o o r."
23 Well th a t reminds me of the f i r s t  b i t  where CONFIRMATION 
i t  ta lk s  about 'keep on h a p p e n in g '. . . .
24 'Cause i t ' s  l ik e  uh, the fu n c tio n  Keeps on S -A (A /A )/  
happening, i t ' s  l ik e  the fu n c tio n , or l ik e  NOTE HYPOTHESIS 
something is  on, is  bn something e ls e , which you
could keep ap p ly in g .
E: Okay. Anything e lse? EXP-COMMENT
25 Um, yeah 'cause , w ell you could a lso  get HYPOTHESIS 
out th ings l ik e  t h e . . . .
26 The sandwich is  on top o f the f lo o r  but the HYPOTHESIS 
newspaper is  under the sandwich s o rt o f th in g ,
even though th e y 're  not d i r e c t l y . . . .
27 By going through That in stages and 
stoppingand s o rt of making in ferences  about i f  
the sandwich is  on the p la te  which is  on the  
newspaper, the sandwich is  on the newspaper.
E: Okay.
28 R ig h t.
29 "A database rep resen tin g  th is  s ta te  o f  
a f f a i r s  looks l ik e  t h i s . . . . "
30 Keep going? Yeah. ,
HYPOTHESIS
EXP-COMMENTV
READING
QUERY
PAGE 7 -17
O
o
E: You can look a i  the e n tire , database.
31 "Sandwich on p la te ,  p la te  on newspaper, 
newspaper on book, book on ta b le , ta b le  on 
f l o o r . "
32 Is  th a t i t?  Yeah. :
33 Yeah. W e ll, t h a t 's  s o rt o f 1 ike you'd  
expect, I m e a n ....
E: Yeah. So in fa c t you p re d ic te d  th a t 
e x a c t ly . . . .
EXP-COMMENT
READING
QUERY
CONFIRMATION
EXP-COMMENT
34 Yeah, because I mean I'm  obv ious ly  read ing  META-COMMENT 
t h is , in  the context o f th in k in g  about databases ; 
and th a t and th a t 's  how I 'd  imagine i t  from what ;
I was saying so th a t ju s t confirm s th a t th a t was 
okay.
35 But, uhmm.. . .  ?
36 I mean, course p la te ,  th e y 'd  a l l  be jo in ed  PROBE 
up w ouldn 't they because p la te  is  the same node
is n 't  i t . . .
E: Yeah, th a t 's  the way they showed i t . . . . EXP-COMMENT
37 Yeah, yeah, I know, but th a t 's  how I l ik e  to META-COMMENT 
th in k  of i t . . . .
38 R ig h t. "Now imagine someone standing  beside READING
the ta b le  w ith  a p o in t . . .  357 magnum p is t o l ."
39 Is  he going to shoot the sandwich or 
something?
HYPOTHESIS
E: Why do you th in k  th a t?  EXP-COMMENT
40 I d o n 't know, I mean. . . .  META-COMMENT
E: You sa id  i t . I 'd  1 ike an exp lan a tio n  fo r  i t . EXP-COMMENT
41 I ju s t had th is  s o rt of p ic tu re  o f s tan d in g , S-A(C)
standing by the ta b le  w ith  th is  g u n .. . .
42 So I thought i t  must be p o in tin g  a t 
something.
HYPOTHESIS
43 And th a t som ething.:.. .  HYPOTHESIS
44 Wei 1, the sandwich is  on the top , a n d .. . .  HYPOTHESIS
E: And i f  th a t were the case what would happen, EXP-COMMENT 
what are  your expectations?
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45 W e ll, I s o rt o f Kind of imagined shooting  
the sandwich, the b u l le t  going in to  i t ,  sandwich 
a l l  over the p lace and smashing the p la te  and 
smashing the ta b le  a n d . . . .
46 I d o n 't know very much about po in t 357 
magnum p is to ls .  T d o n 't know how f a r  the b u lle ts  
g o . . . .
E: I see. Anything e lse?
47 Uh, no.
E: Okay. Carry on.
48 "The person puts the muzzle o f  the gun on 
top of the sandwich, so the gun is  thus po in ted  
towards the f l o o r . "
49 W e ll, I would expect him to shoot through 
a l 1 th a t lo t  then.
E: You expect him to shoot through a l l  th a t  
lo t?
50 Yeah. Because i t ' s  po in ted  towards the f lo o r  
i t ' s  got to go through the o th e rs .
E: Okay.
:
51 I d o n 't know why he wants to  do i t  though.
52 But th a t 's  i t  r e a l ly .
E: Okay.
53 "A p o in t 357 magnum w i l l ,  when f i r e d ,  put a : 
hole in anyth ing  in the path of the bul le t:. "
54 Oh, th a t 's  what I was wondering about . 
b e fo re .
55 So i t  looks y o u 're  gonna get a ho le  in your 
sandwich, your p la te ,  your newspaper, your book, 
your ta b le  and your f lo o r ,  and anybody 
underneath in the room below.
56 R ig h t. . . .
E: Anything else?
57 I mean, th a t 's  q u ite  a sim ple s o rt of 
th in g .
HYPOTHESIS
HYPOTHESIS
EXP-COMMENT 
RESPONSE : 
EXP-COMMENT 
READING
HYPOTHESIS
EXP-COMMENT
HYPOTHESIS/PROBE
EXP-COMMENT 
HYPOTHESIS 
META-COMMENT : 
EXP-COMMENT 
READING
CONFIRMATION .
HYPOTHESIS
EXP-COMMENT
META-COMMENT
58 Except, I mean, s o rt of hakes you th in k CONFIRMATION/
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th a t ,  th a t they must be powerful s o rts  of. guns 
or w h a te v e r.. . .
E: Must be what?
59 Powerful guns, yeah?
E: I t ' s  extrem ely p o w erfu l, yes.
60 R ig h t.
E: You could Knock down an elephant a t f iv e  
thousand y a rd s .. . .
61 Yeah? Must be what was in  the f i lm .
E: Anything e lse?  —  Uh, D ir ty  Harry? Have you 
seen it?
62 No, I was th in k in g  about 'G lo r ia '  la s t  : 
n ig h t, th ere  was a magnum in th a t .
E: Oh, w e ll ,  th a t was probably a 357.
63 Can I go on?
E: Nothing e lse?  Yeah. Give me th a t ( f i r s t  
sheet) page, and u h . . . .  Well here , in fact: you 
get to keep th a t .  Because once you've read a 
l in e  i f  you ever want to go back you obviously  
can.
64 Okay. I mean I was s o rt o f looking  back 
a n d .. . .
E: Tel 1 me when you do t h a t .
65 R ig h t. Okay. W e ll, I was looking  back when 
i t  sa id  'p u t a ho le  in anyth ing  in the path of 
the b u l le t '  I was obviously  going through th a t 
and read ing  'sandwich e tc . e t c . ' .
E: Yeah. Okay.
66 "The person f i r e s  the p is t o l ."
67 So i t  does get a hole in a l l  them th in g s , 
yeah?
E: Okay. Anything e ls e .
68 T h ere 's  a mess everywhere I should th in k . I 
ju s t wonder why he d id  i t .
ELABORATION
E-COMMENT , 
RESPONSE f 
E-COMMENT 
RESPONSE 
E-COMMENT
RESPONSE 
E-COMMENT :
RESPONSE i
E-COMMENT
QUERY
EXP-COMMENT
RESPONSE
EXP-COMMENT
RE-READING
EXP-COMMENT
READING
CONFIRMATION
EXP-COMMENT
HYPOTHESIS
69 I t  seems a b i t  p o in tle s s , PROBE (FAILURE)
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70 R ig h t. H ere 's  another one.
71 "Can you w r ite  a procedure which makes &he 
fo llo w in g  in fe ren ce : when you shoot an o b jec t  
th a t o b jec t has a b u lle th o le ;  moreover any 
ob jec t which i t  is  on a lso  has a b u l le t  hole and 
so o n ."
COMMENT
READING
72 Yeah, I should th in k  I can.
73 Do you want me to? ;
E: Uh, f in is h  t h e . . . .  Y ou 're  co n fid en t now you 
can do it?
74 Yeah.
E: Uh, do you know how to do i t  a t th is  p o in t?
75 Umm, I th in k  so, yeah, I mean.. . .
E: Tel 1 me what i t  is .
76 You'd have to  do th ings 1 i k e . . . .
77 Ummm.
78 I d o n 't know, l i k e . . . .
79 L ike  TO SHOOT.. . .
80 You've got some fu n c tio n  c a lle d  TO SHO O T....
81 And you, TO SHOOT.. . .
82 What's th a t ,  is  i t  a parameter?
E: Yeah.
83 R ig h t. NOTE PARAMETER NASA BULLETHOLE. .
84 CHECK PARAMETER ON QUESTION MARK.
85 IF PRESENT NOTE ASTERISK HAS BULLETHOLE___
86 No, you put IF PRESENT SHOOT, no, you put 
ASTERISK then d o n 't you, because th a t 's  a ; 
w h a ts it , a th in g  in a b o x .. . .
E: Okay. Any o th er thoughts?
87 Ummm....No, I mean ap art from the fu n c tio n  I 
haven 't put EXITs and CONTINUES and th in g s  l ik e  
th a t .
META-COMMENT
QUERY
EXP-COMMENT
RESPONSE
EXP-COMMENT
META-COMMENT
EXP-COMMENT
PROBE
?
META-COMMENT
M-CODING
M-CODING
M-CODING
QUERY
EXP-COMMENT
M-CODING
M-CODING
M-CODING
M-CODING/
S-A(A)
EXP-COMMENT
EVALUATION
E: So do you th in k  th at a t th a t p o in t you EXP-COMMENT
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w ould've worked i t  a ll;  oui be fo re  going orr? Or 
ju s t had confidence th a t you could do?
88 Ummm.... I th in k  I 'd  have had a go because I 
do th ings l ik e  th a t 'cause l ik e  when I was 
read ing  through th a t I kept th in k in g  of th in g s:
E: W e ll, how would you do th a t?
89(And s o rt of something th a t I 'd  sc rib b le )? ? ?
90 And a l l  the ones, I mean a l l  the SAQ's and 
a lso  the ones th a t i t  ju s t says " try  th is  o u t" 
and then you get the answer the next lin e ,:  I 
mean I a c tu a lly  covered the answers up and d id  
a l l  those, 'cause I f in d  i t  r e a l ly  helps to  
understand w hat's  going on, no?
E: Okay. Anything else?
91 No.
E: Okay. Go on.
92 "The procedure and i t s  e f fe c t  on our 
database might look something l ike  th is :  " :
93 So I read a l l  th is ?
E: Yeah.
94 "Shootup sandwich. Sandwich on p la te .  
Sandwich has b u lle th o le ."
E: Read th a t whole page, because, in  fact:, i t  
continues to the o th e r page to  some extent:, so 
l e t 's  get to the end of the database.
95 Yeah. I mean th a t 's  what, th a t 's  what SOLO 
puts out a f t e r  you t e l l  i t  what to do n e x t.
E: R ig h t.
96 SHOOTUP....SANDWICH. R ig h t, (reads a ll;  of 
database s i le n t ly )
97 T h a t's  okay. T h a t's  what I 'd  expect i f  ; 
you've got your NOTE th ings and your CHECKs ON, 
then NOTE, so you have your HAS a l l  under the 
ONs, so th a t 's  o k a y . . . .
E: Okay. Last l in e .
98 Okay. Is  th is  the la s t  one so I can take  
th is  away? (Th is=covering  sheet)
META-COMMENT
EXP-COMMENT
CLARIFICATION
EXP-COMMENT
RESPONSE
EXP-COMMENT
READING
QUERY
EXP-COMMENT
READING
EXP-COMMENT
HYPOTHESIS
EXP-COMMENT
READING
CONFIRMATION
EXP-COMMENT
QUERY
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E: Yeah. EXP-COMMENT
99 " In  o th er words you are  asked to  w r ite  a READING 
procedure which 'p u ts  b u l le t  holes in  o b je c ts '
th a t are  stacked up l ik e  these , s ta r t in g  w ith  
the o b jec t on to p ."
100 T h a t's  okay. Q uite  a n ice  way o f d e s crib in g  META-COMMENT 
i t .
7 .3 .3  Overview Of The P ro to c o l.
o From one p ersp ec tive  the pro toco l is  a tra c e  o f the c o n s tru c tio n  and e la b o ra tio n  of an image generated in response to  the 1 is t  o f o b je c ts  
given in the second l in e  o f the problem s ta tem en t. A re p re s e n ta tio n  of 
the image f i r s t  constructed  is  provided in  Figure; 7 .3 .  F igure  7 .4 .  
represen ts  subsequent a lte r a t io n s  of and a d d itio n s  to the image.
o
0 = Book
-ON
0 =
HAS
P a tte rn
0 = Sandwich
1
I— ON 
I
0 = P la te
1
!— ON 
I
0 = T a b le -—
— ON 
0 = F lo o r
0 = Newspaper
1
I— ON
FIGURE 7 .3
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. . .  ,
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. . .: I
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y FIGURE 7 .4
The coding o f the p ro to co l in d ic a te d  the tr ig g e r in g  o f ten schemas: 
by elem ents o f the problem statem ent: i t e r a t io n ,  re c u rs io n , database,
room, p a tte rn C flo o r ) ,  fu n c tio n , NOTE, w h a ts it , th in g - in -a -b o x , shoo ting .
7 .3 .4  The Recursion Schema.
In S ection  7 .1  a recu rs io n  schema re p re s e n tin g  what i t  was presumed 
was known by a 'com petent' no v ice , a novice w ith  the Loop model of 
re c u rs io n , was presented in  fo rm al, KRL-1ike n o ta tio n ; and again in  an
oo
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in form ai statem ent o f the hypotheses in h erin g  in the formal v e rs io n . In  
order to  make fu r th e r  d iscussion easy to fo l lo u ,  the inform al statem ent 
of the hypotheses from recu rs io n  w i l l  be used from tim e to  tim e , 
although the b ind ing  o f the schemas s lo ts  w i l l  be presented fo rm a lly , as. 
and when they are claim ed to occur. As s ta te d , the Hypotheses inhering  
in  the various  s lo ts  a re  these:
(a ) The problem has to do w ith  a l is t ,  of o b je c ts .
(b) The o b jec ts  w i l l  have a p a r t ic u la r  re la t io n s h ip  (probably  
t r a n s it iv e )  w ith  one ano ther.
(c ) The problem w i l l  mention some a c tio n  to  be performed on a l l  the  
o b jec ts  ment ioned.
(d) The a c tio n  to be performed w i l l  be achieved f i r s t  on the o b jec t 
a t the head of the l i s t ,  then on subsequent o b je c ts , u n t i l  d l l  the 
o b jec ts  have had the a c tio n  performed on them.
7 .3 .5  The F ir s t  Problem S tatem ent.
Both the I t e r a t io n  and the Recursion schemas were a c t iv a te d  by some 
t r ig g e r  in the f i r s t ,  l in e  o f  the problem te x t -  presumably the  words 
'Keep on happening' (see SB's phraseology a t 1 ine 9 ) .  DISCONFIRMATION 
of I t e r a t io n  occured almost the moment i t  was tr ig g e re d , although why 
th is  is  so is  not c le a r .  One p o s s ib i l i t y  is  that. Recursion was
oPAGE 7 -25
a s s o c ia iiv e ly  a c tiv a te d  from I t e r a t io n ,  and i t s  a c t iv a t io n  served to  
DISCONFIRM the tr ig g e r in g  schema. The com bination o f I t e r a t io n  and 
Recursion a s s o c ia iiv e ly  t r ig g e r  a database schema. Whether the Subject 
Knows which schema is  re la te d  to which form of search ( l in e  5 of the 
p ro to c o l) is  a lso  not a b s o lu te ly  c le a r .  However, i f  the re fe re n t  in the 
la s t  phrase of the comment a t l in e  5 is  Recursion, then S8 can be 
presumed to know which is  which. A lso , the s in g le  HYPOTHESIS a r is in g  in  
th is  Episode of protoco l ( l in e  9) sounds l ik e  a d e f in i t io n  o f  Recursion: 
a 'fu n c t io n ' which you 'keep on a p p ly in g '. As such, a copy o f the  
schema is  presumed to have been in s ta n tia te d  a t  th is  p o in t , and i t s  
problem so lv in g  processes set to  search fo r  data  to  which i t s  s lo ts  
could be bound.
7 .3 .6  The Second Problem S tatem ent.
The schemas th a t would be expected to be tr ig g e re d  by th is  l in e ,  in  
terms of the data discussed in the previous C hapter, are  Room, E a t,
Read, R elax, and /o r P e rs o n a lity -ty p e . Once a c t iv a te d , a schema's s lo t  
processes are tr ig g e re d  and a search fo r  in fo rm ation  is  begun.: We have
seen th a t the d e fa u lt  fo r  the AGENT: s lo t  o f each of E a t, Read, and
Relax is  u s u a lly  in s ta n t ia te d , as are  the GOAL:, ACTION:, and OBJECT: 
s lo ts .  There is  no evidence o f these schemas being a c tiv a te d  in  SB's 
response to th is  l in e  of the problem te x t .,  A ll a t te n t io n  in th is  
Episode is  devoted to  co n s tru c tin g  an o rg a n iza tio n  fo r  th e  o b je c ts  
mentioned in the lin e .:  The theory argues th a t the r o le  o f domain
re la te d  knowledge would be to d ire c t  a t te n t io n  away from in e s s e n tia ls  so 
there  is  a sm all amount of support fo r  the theory h e re , although th ere
oo
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is  some concentrated  e f f o r t  by the Subject! to focus a mental image o f a 
' f lo o r  w ith  a q u ite  d is t in c t iv e  p a t te r n '.
The Episode begins w ith  an HYPOTHESIS th a t sbmething w i l l  be sa id  
which w i l l  show the s o lv e r how to r e la te  the ob jects:m entioned in the  
l in e .  Two of the hypotheses from  the Recursion schema are  1) th a t there  
w i l l  be a l i s t  o f o b je c ts , and 2) th a t th ere  w i l l  be a p a r t ic u la r  type 
of r e la t io n  ho ld ing  between them. The Subject does in d ic a te  an 
o rg a n iza tio n  fo r  the o b jec ts  ( 1 ine 18) but: i t  would be s tre tc h in g  a 
p o in t to argue th a t a Recursion schema -  even one w ith  strong : 
exp ecta tio n s  about; the re la t io n s h ip  between a se t of o b je c ts , and 
processes a c t iv e ly  searching fo r  one -  would need to be a c t iv e  in some 
one's  mind in o rder fo r  the person to make the p a r t ic u la r  in feren ce  th a t  
the 'thought up' o rg a n iza tio n  might not be c o rre c t . B inding of 
R ecurs ion 's  s lo ts  to the o b jec ts  would be te n ta t iv e  a t b e s t, and i t  is  
presumed th a t the Recursion schema is  s t i l l  empty a t th is  p o in t in the  
processing . The Episode a lso  c loses w ith  a res ta tem ent of the 
p a r t ic u la r  HYPOTHESIS.: On balance, the evidence fo r  a predom inating
ro le  fo r  the Recursion is  weak.
7 .3 .7  The T h ird  Problem S tatem ent.
'F u n c tio n ' ( l in e  24) has been scored as  a s s o c iâ t iv e ly  a c t iv a te d  
through the 'Keep on happening' of which the Subject is  reminded by the  
d e s c rip tio n  of the re la t io n s  ho ld ing  between the o b je c ts  in the th ird  
l in e  of the problem te x t .  NOTE:(also l in e  24) is  scored as having been 
a s s o c iâ tiv e ly  cued, in i t s  tu rn , by ' f u n c t io n '.  The f i r s t  HYPOTHESIS
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a lso  is  derived  from •Line 24: th a t you could reap p ly  NOTE <something>.
The sequence serves as CONFIRMATION fo r  the HYPOTHESIS found in  l in e  9 , 
Episode 1;. I t  may a lso  serve to  're fre s h ': ,  or rehearse the n o tion  of 
re a p p lic a t io n  o f a fu n c tio n . The o th er HYPOTHESES scored in  th is  
Episode ( l in e s  25, 26,: and 27) are  sim ply fu r th e r  s p e c if ic a t io n s  or 
e la b o ra tio n s  o f the f i r s t  hypothesis of the Episode.
7 .3 .8  The Fourth Problem S tatem ent.
W ith the in fo rm ation  contained in  th is  1 in e , the f i r s t  two 
hypotheses from the Recursion schema:
HYPOTHESIS-1: The problem has to do w ith  a l i s t  o f o b je c ts .
HYPOTHESIS-2: The o b jec ts  w i l l  have a p a r t ic u la r  re la t io n s h ip  (probably
t r a n s it iv e )  w ith  one ano ther.
are  CONFIRMED. The processes attached  to the Recursion schema's 
APPLIES-TO: s lo t  a re  presumed now to have constructed  an a p p ro p ria te
rep résen tâ t ion o f the l i s t  of o b je c ts , as:
APPLIES-TO: (sandwich ON p la te  ON newspaper ON book ON ta b le  ON f lo o r )
The Recursion schema now looks l ik e  th is :
^  RECURSION
f )  GOAL: (ForEvery x In (my a p p lie s -to )  do
(ach ieve (my act ion) x ) )
EFFECT: (a s id e -e f fe c t  (DEFAULT (a NOTE)»
APPLIES-TO: (sandwich ON p la te  ON newspaper ON book ON ta b le  ON f lo o r )
There is  good evidence fo r  a ro le  for: the Chain R e la tio n  subschema 
in the S u b je c t's  comments a t 1 ines 36 and 37 . The problem statem ent 
example database represen ts  a l l  but the f i r s t  and la s t  nodes tw ic e , so 
th a t a z igzag  t r a i l  between SANDWICH and NEWSPAPER is  suggested:
SANDWICH ON PLATE 
PLATE ON NEWSPAPER
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NEWSPAPER ON BOOK ...
The p a tte rn  (rep ea t of nodes) is  a t v a ria n c e  w ith  the su rface  
tem plate s lo t  of the Chain R e la tio n  schema:
[c h a in  r e la t io n  surface  tem plate schema]
and the Subject re g is te rs  a com pla in t, even though i t  is  understood th a t  
the problem re p re s e n ta tio n  is  e q u iva len t to the S u b je c t's  p re fe rre d  way 
of th in k in g  about such database s tru c tu re s .
7 .3 .9  The F i f t h  Problem Statem ent.
A strong argument fo r  the ro le  o f the Recursion'schema w i l l  be made 
in th is  s e c tio n . The f in a l  two HYPOTHESES from Recursion a re  these:
HYPOTHESIS-3: some a c tio n  w i l l  be performed on the o b je c ts  mentioned.
HYPOTHESIS-4; the a c tio n  to be performed w i l l  be achieved f i r s t  on the  
o b jec t a t the head of the l i s t ,  then on a l l  o f the  
o b jec ts  in the t a i l  of the l i s t .
: :  ^ '
We now want to understand SB's comments in  l in e s  39 , 4 2 -4 4 , and
45-46 in terms of the in te ra c tio n s  o f these schemas, w ith  the Recursion
schema predom inating. S tated  very in fo rm a lly , the Recursion schema
wants to  know i f  th ere  is  some act ion that: can be performed on a l l the
o b jec ts  in i t s  Chain R e la tio n  L is t ,  beginning w ith  the o b je c t (SANDWICH)
a t the fro n t of the L is t  and thence w ith  a l l  the o th e r o b je c ts  in  th e ir
order of appearance on the l i s t . :  The APPLIES-TO: s lo t  o f the Recursion
schema has a lread y  been bound to. the l i s t  o f o b je c ts  g iven in  1 ine 3 o f .
the problem statem ent '(see above) when the r e s t r ic t io n  on the b in d in g  '
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was s a t is f ie d  by the Chain R e la tio n  lin k in g  the o b je c ts . The HYPOTHESES 
from the cu rren t in s ta n t ia t io n  o f the Recursion schema come from the 
GOAL: and EFFECT: s lo ts .  The re le v a n t s lo ts  o f the Recursion schema
a t th is  p o in t in the p rocess in g ;are  these::
RECURSION
GOAL: (ForEvery x In  (my a p p lie s - to )  do 
(ach ieve (my act ion) x ) )
EFFECT: (a s id e -e f fe c t  (DEFAULT (a NOTE)})
APPLIES-TO: (sandwich ON p la te  ON newspaper ON book ON ta b le  ON f lo o r )
SB's comments in 1 ine 39 in d ic a te  th a t a lo t  Of processing has
2 2  occured im m ediately a f t e r  the Subject read the 1 in e . The S u b je c t's
comments in l in e  39 can be represented  as the f i l l i n g  of some o f the
s lo ts  in the Shooting schema which was o u tlin e d  in  SECTION 7 .1 ,  and
which is  given again below in F igure  7 .5 .  : The s lo ts  fo r  AGENT: ,
INSTRUMENT:, and OBJECT: have been f i l l e d  to r e f le c t  SB's comments in
the pro toco l l in e  39. The AGENT: s lo t  is  in s ta n t ia te d  w ith  the s lo t 's
d e fa u lt  value (a Man), the INSTRUMENT: s lo t  w ith  in fo rm atio n  from the
c u rren t l in e  of the problem statem ent (a .357 Magnum p is t o l ) ,  the
OBJECT: s lo t  w ith  in fo rm atio n  from a previous l in e  o f the problem
sta tem ent, and the CONSEQUENCE: s lo t  w ith  the expected e f fe c t  of
shooting an o b je c t . , The GOAL: s lo t  has not been f i i l e d  because SB's
statem ent is  in the form of a query, suggesting u n c e rta in ty  th a t the
in te rp re ta t io n  is  c o rre c t . The SPEC IALTZATION: s lo t  has been f i l l e d  
> '■ u ■ ■
w ith  the name of the tra c k  through which in fo rm atio n  i s  f i l t e r e d  in  the
c re a tio n  of the in te rp re ta t io n . What we want to know now is  how the
f i l l i n g  of these S lo ts  came about. Ue s h a ll d iscuss th is  w ith  re fe re n c e
to pro toco l 1 ines 41 -46 .
SHOOTING 
GOAL: ( ? )
AGENT: (a Man who is  (th e  'P erso n ' in s to r y -x ) )
INSTRUMENT: (a .357 magnum p is to l )
o
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OBJECT: (a sandwich)
CONSEQUENCE: (th e  sandwich has a b u l le t  ho le )
SPECIALIZATION: (SPORT)
FIGURE 7 .5 ;
In lin e s  41 to  46 the Subject is  g iv in g  a re tro s p e c tiv e  account o f
processes th a t occured a u to m a tic a lly  and which re s u lte d  in  the
■
hypotheses inh erin g  in l in e  39, and represented  in  the 'im age', which the 
Subject is  d iscuss ing .
2 2  Line 41 of the p ro toco l suggests that; the f i r s t  process was sim ply
the t r ig g e r in g  by elements o f the problem statem ent o f the Shooting  
schema, w ith  the values of the AGENT: and INSTRUMENT: s lo ts  on ly
lo o se ly  s p e c if ie d .
L ines 42 and 43 suggest th a t a question  arose ("A t what would the  
gun be p o in tin g ? ") and l in e  44 in d ic a te s  th a t an answer (th e  sandwich) 
was computed.
I argue th a t the rem aining hypotheses from the Recursion schema a re
responsib le  fo r  the s ta tem ents . The hypotheses were these:
HYPOTHESIS-3: some a c tio n  w i l l  be performed on (SANDWICH PLATE
NEWSPAPER BOOK TABLE FLOOR) ; ;
HYPOTHESIS-4: the act ion to  be performed w i l l  be achieved f i r s t  on th e  
o b jec t a t the head of the l i s t  (= SANDWICH) then on a l 1 of
the o th e r o b je c ts  in the t a i l  of the l i s t .
W ith these s p e c if ic a t io n s  the Shooting schema would t r y  to  s e le c t  a 
Track whose s p e c if ic a t io n s  matched the d a ta . A couple o f the Shooting  
Tracks are g iven below (F ig u re  7 . 6 ) .
SSHOOTING (S p o rt)
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AGENT: Xa Person {DEFAULT: (a Mon) »  
OBJECT: Can Object (DEFAULT (a T a rg e t) } )  
INSTRUMENT: (a gun)
GOAL: (ach ieve Esteem)
SSHOOTTNG (H unting)
AGENT: (a Person (DEFAULT (a M an)»
OBJECT: (an Anim ate-ObjecL (DEFAULT (an A n im a l)Î)  
INSTRUMENT: (a gun)
FIGURE 7 .6
The Hunting Track re q u ire s  an A n im ate-O b ject, and the Sport Track  
an Inan im ate-O b ject in  th e ir  re s p e c tiv e  OBJECT: s lo t s .  The Shooting
schema t r ie s  to f i t  'SANDWICH' (th e  e x p e c ta tio n  handed to i t  from the 
hypotheses from the Recursion schema), to the vario u s  Tracks and 
in s ta n t ia te s  the Sport schema as a re s u lt  of i t s  r e s t r ic t io n  on the  
OBJECT: s lo t ,  which is  th a t i t  re q u ire s  an Inanim ate o b je c t . (The
presumption is  th a t the Shooting schema can acq u ire  th is  in fo rm a tio n , 
although how is  not here s p e c if ie d .)
In l in e  45 the Subject fu r th e r  s p e c if ie s  the image re fe r re d  to in  
l in e  39. The Subject had imagined the b u l le t  going in to  the sandwich, 
(2 ^  the p la te ,  and the ta b le . The l i s t  does not include 'NEWSPAPER' and
'BOOK', as req u ired  by the la s t  h ypo thesis  hypothesis from Recursion, 
but the d ire c t io n  o f movement is  as p re d ic te d  (th e  person could have 
shot ' a t '  the sandwich, or the book, w ithout having t r ie d  to shoot a l l  
o f the o b je c ts ) . The in te re s tin g  fa c to r  here is  th a t a f t e r  m entioning  
'TABLE' the sub ject h e s ita te s  and then cent i nues, say ing ( 1 ine 46) I 
d o n 't know how fa r  the b u lle ts  g o . . . . "  This suggests th a t general 
knowledge of the c o n s titu t io n  of o b jec ts  and what e f fe c t  i t  has on the  
paths o f  b u lle ts  has been used, and a p o ss ib le  c o n f l ic t  w ith  R ecurs ion 's
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fo u rth  hypothesis recorded: the b u l le t  might not get through the ta b le ,
much less the f lo o r .  Thus, R ecurs ion 's  e xp ec ta tio n  th a t a l l  the o b jec ts  
in i t s  APPLIES-TO: l i s t  would achieve the e f fe c t  'HAS BULLETHOLE' would
be c o n tra d ic te d . On the o ther hand, i f  the gun Was powerful enough, the 
b u lle t  would p e n e tra te  i t .  The re s u lt  is  th a t a search fo r  in fo rm ation  
about the power of a ' .3 5 7  magnum p is t o l '  should be in i t ia t e d .  That 
such a search was a c t iv e  is  re f le c te d  in SB's comment a t l in e  54 of the  
p ro to c o l.
RECURSIVE-PROCEDURE
GOAL: (ForEvery x In Cmy a p p lie s -to )  do
(ach ieve (my e f fe c t )  through (my a c tio n ) x ) )
ACTION: (a SHOOTUP)
EFFECT: (A dd-P attern  (HAS BULLETHOLE) ForEvery x In  (my a p p l ie s - to ) ) 
APPLIES-TO: (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR)
LOOP-FOR: (ForEvery x In (my a p p l ie s - to ) )
A Plan constructed  from the in d ica ted  s lo ts ,  and deposited  in  
Working Memory, is  th is :
( (procedure-name: shootup)
(p la n : (w r ite  procedure name).
(a d d -p a tte rn  param eter has b u lle th o le )  <= from ACTION: s lo t  
( ( fo r - th e -c h a in  param eter on var2); <= from GOAL: s lo t
(reap p ly  var2 has b u l le th o le ) ) )
( t r - l i s t :  (on (sandwich p la te  newspaper book ta b le  f lo o r ) ) )  
( r e q u ir e d - r e s u lt : (sandwich p la te  (has b u l le th o le ) ) )
This p lan is  the presumed s ta r t in g  p o in t fo r  the production  system model
of coding and program e v a lu a tio n  presented in Chapter 8 .
7 .4  S5'S PROTOCOL (READING PHASE)
The segment of S5 's  p ro to c o l, presented below, includes the  
S u b je c t's  comments only on the f i r s t  th ree  1 ines of the problem  
statem ent. This e x tra c t is  s u f f ic ie n t  to in d ic a te  S 5 's  general approach 
to the problem, and the d i f f i c u l t y  S5 had in app ly ing  programming
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Knowledge to  the problem understanding processes. Here is  the protoco l
o
o
"On page e ig h ty  o f  U n its  th ree  to four we looked 
a t a method fo r  making a p a r t ic u la r  in feren ce  
'keep on hap p en in g '."
1 "On page 8 0 . . . . "
2 Um.
3 Well I'm  very  s u rp ris e d , because I d id n 't  th in k  
i t  was going to  be d e ta ile d  l ik e  th is .
4 And I t h in k . . . .
5 "An in feren ce  'keep  on happ en in g '"
6 Um.
7 W e ll___
8 " 'Keep on happening' "
9 Um------
10 That reminds me of. something.
11 I'm  try in g  to  remember what the words were 
th a t i t  reminds me o f .
12 Um..
13 "'Keep on happ en in g '"
14 Um.
15 FOR EACH CASE OF, i t  reminds me of FOR EACH 
CASE OF.
16 And then INFERENCE is  where you have, um .. . .
17 Two statem ents , and the database is  ab le  to  
form, um.
18 Or the PROGRAM is  ab le  to modify the DATABASE 
by, um..
19 P u ttin g  in a new re la t io n s h ip  on the basis  of 
r e la t in g  to  re la t io n s h ip s  th a t were a lread y  in  
the DATABASE.
20 So you could have two TRIPLES, um, and they  
would im ply, or t h e . . . .
READING
RE-READING
?
META-COMMENT
META-COMMENT
RE-READING
?
?
RE-READING
?
META-COMMENT
META-COMMENT
?
RE-READING
?
S-A(C)
S-A(C)
S-A(A)/PROBE
S-A(A)/PROBE
S-ACA)
S -A (A )/
ELABORATION
21 The PROGRAM has been made so th a t ,  um .. . . S-A(A)
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22 The e x is t in g  two t r ip le s  w i l l  form an : 
INFERENCE which is  fo rm ed .. . .
23 Which is  s ta te d  o h . . . .
24 The DATABASE as a th ird  TRIPLE.
25 T h a t's  what an INFERENCE is .
26 "We looked a t a method fo r  making an : 
in fe re n c e .. . .  "
27 I c a n 't  remember what i t  i s . . . .
28 Is  th a t enough?
E: Whenever y o u 're  ready to  go on to  sentence two.
" In  th is  o p tion  y o u 're  asked to imagine a s ta te  
of the world in which th ere  are  s ix  o b je c t s . . . . "
29 I t ' s  not about the computer a t a l l  ! : '
"A sandwich, a p la te ,  a newspaper,"
30 T h a t's  th re e .
31 "Sandwich, p la te ,  newspaper"
"A book, a ta b le , and a f lo o r ."
32 T h a t's  ju s t l ik e  a DATABASE, is n 't  i t?
33 A very l im ite d  w orld .
"F u rth e r . . . .  "
34 Oh, you want one sentence a t a tim e.
35 " In  th is  o p tio n , in th is  o p t io n . . . . "
36 Um.. . .
37 W e ll, there  must be going to  be o th er o p tio n s , 
and th is  must be the f i r s t  one. ;
38 And these are  the cond itions:w h ich  apply fo r  
th is  f i r s t  opt ion .
39 A 1 im ited  world w ith  s ix  th ings  in i t . .
40 Um.
41 And they might be on top o f each o th e r or 
beside each o th e r.
S -A (A )/
ELABORATION
ELABORATION
S-A(A)
S-ACA)
RE-READING
META-COMMENT
QUERY
EXP-COMMENT
READING
HYPOTHESIS
READING
ELABORATION
RE-READING
READING
S-A(C)
META-COMMENT
READING
QUERY
RE-READING
?
HYPOTHESIS
HYPOTHESIS/
ELABORATION
META-COMMENT
HYPOTHESIS
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42 Um.. . .
43 "In  th is  op tion  you ore asked to imagine a 
s ta te  of the w o r ld . . . . "
44 Um.
"F u rth e r, th is  h y p o th e tic a l w orld is  h ig h ly  
s tr u c tu r e d . . . .  "
45 Okay.
" . . . . t h e  sandwich is  ly in g  in  the c e n te r o f the  
p la te ,  which is  s i t t in g  on the newspaper, which is  
ly in g  on the book which is  on the ta b le , which of 
course re s ts  on the f l o o r . "
46 So the FLOOR'S on the bottom.
47 And e v e ry th in g 's  p ile d  u p . . . .
48 In the normal way, w ith  the SANDWICH on the top,
HYPOTHESIS/S-A(C)
49 And.
50 Well th a t sentence is  sim ply s ta t in g ,  um .. . .
51 The contents of the problem, o r the content of 
a p ro p o s itio n  th a t could be c o n s id e re d ...,.,
52 The FLOOR looks very odd, doesn 't i t?  .
53 I keep looking  a t FLOOR.. . .
META-COMMENT
54 I t  begins to look pecul ia r ,  um .. .
RE-READING
?
READING 
? :
READING
ELABORATION
ELABORATION
META-COMMENT
META-COMMENT
ELABORATION
RE-READING/
META-COMMENT
7 .4 .1  Overview Of The P ro to c o l.
The recu rs io n  schema was not tr ig g e re d  anywhere in  the read in g  
phase of th is  S u b je c t.: In Chapter 8 , when the p o s t-re a d in g  phase o f
th is  S u b je c t's  behaviour is  examined, i t  w i l l  be seen th a t re c u rs io n  is  
a concept about which S5 had some odd n o tio n s . At the end o f the
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read ing  phase S5 was not a t a l l  sure o f what was re q u ire d  o f  h e r, 
whether she was meant a c tu a lly  to  c re a te  a program, and i f  so, how to  go 
about i t .  But th is  is  a problem fo r  d iscussion in  the next Chapter of 
the th e s is .
7 .4 .2  The F ir s t  Problem Statem ent.
The concepts w ith  which S5 attem pted to deal a f t e r  read ing  th is  
l in e  of the Problem Statement were: FOR EACH CASE OF and ' in f e r e n c e '.
Most of the response to  the f i r s t  l in e  had to do w ith  a s s o c ia tin g  the  
la b e l 'Keep on happening' w ith  some concept in memory, which a s s o c ia tio n  
was f in a l ly  achieved on l in e  15 o f  the p ro to c o l. In  the re s t  o f  the  
comments on th is  f i r s t  l in e ,  the Subject is  seen PROBEing her Knowledge . 
of in fe ren c in g  programs, what they do, and how they do i t .
7 .4 .3  The Second Problem Statem ent.
The f i r s t  HYPOTHESIS o ffe re d  by S5 -  which is  in c o rre c t , o f  course 
“ occurs a f t e r  read ing  th is  l in e .  The o b jec ts  mentioned in  the l in e ,  
and presumably the re la t io n s  between them,; tr ig g e rs  DATABASE. ■; The 
S u b je c t's  second HYPOTHESIS is  n o t s t r i c t l y  re le v a n t to  the problem in  
hand, but the Subject was not to Know th is .  The th ir d  HYPOTHESIS is  
th a t the o b jec ts  may have one re la t io n s h ip  w ith  one an o th er, or a 
d if fe r e n t  re la t io n s h ip .
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7 .4 .4  The T h ird  Problem Statem ent.
The HYPOTHESIS s ta te d  here is  th a t the 'sandwich is  on the to p ' o f  
the p i le  o f o b je c ts  which are  's tocked  up in the normal w a y '. I t  is  a t 
f i r s t  not an easy m atter to  understand what is  meant by th is  la s t  
comment, s ince norm ally  sandwiches on p la te s  are  not stacked on 
newspapers and books, e tc . What the Subject probably meant' was th a t 
there  was noth ing e s p e c ia lly  odd about the arrangement o f o b jec ts  -  th a t  
the FLOOR was not on top o f  the TABLE, and so on. There is  no way to  
t e l l  what thoughts are  re f le c te d , in  pro toco l 1 ines 5 2 -54 .
7 .5  EVALUATION OF THE THEORY.
The behaviour o f  SB lends some support to  the theory of: problem  
so lv in g  presented in  the f i r s t  sec tio n  o f th is  C hapter, In  a way, the  
behaviour of S5 a lso  lends a l i t t l e  support. Each of the p ro to co ls  w il l;  
be considered in turn .:
7 .5 .1  The P a tte rn  Of SB's Behaviour.
The schemas tr ig g e re d  by problem statem ent elem ents ( f i r s t  l in e )  
were high le v e l programming methods: i t e r a t io n  and recu rs io n .: The
a c t iv a t io n  of these schemas led  to 1) DISCONFIRMATION o f the f i r s t ,  and 
2) HYPOTHESIS genera tion  from the second ( re c u rs io n ) . Th is  HYPOTHESIS 
was supported a t 1 ine 3 of the Problem sta tem ent. A fte r  read ing  the  
second l in e ,  the p a tte rn  was 1) schema a c t iv a t io n ,  fo llo w ed  by 2) 
HYPOTHESIS generation .: HYPOTHESIS gen eratio n  is  the main fe a tu re  o f the
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S u b je c t's  response to  l in e s  3 , 5 , and 6 . A fte r  read ing  1 ines 7 and 8 
the S u b je c t's  comments in d ic a te  CONFIRMATION of e a r l ie r  HYPOTHESES. By 
the tim e the Subject comes to l in e  9 of the Problem Statem ent, i t  is  
p o ss ib le  to design a program ' i n  the head',, w ithout recourse to  
c o n su ltin g  the Programming Manual, or making notes.
7 .5 .2  The P a tte rn  Of S 5 's  Behaviour.
^2^ I t  is  on ly  in  the 14th l in e  o f  the p ro toco l th a t schema a c t iv a t io n
is  scored fo r  S 5 's  p ro to c o l. The a s s o c ia tiv e  a c t iv a t io n  of severa l 
o th er concepts occurs: subsequent to  the cued a c t iv a t io n  o f 'In fe re n c e '  
but nothing occurs subsequent to the a c t iv a t io n  o f  'FOR EACH CASE O F '. 
There are no instances of HYPOTHESIS gen era tio n  subsequent to the 
occurences of schema a c t iv a t io n  in the comments on th is  l in e  of the  
Problem S tatem ent. The f i r s t  HYPOTHESIS to occur is  in response to  
read ing  the second l in e  of the Problem Statement -  an in c o rre c t  
hypothesis , as can be seen. Towards the end o f the S u b je c t's  comments 
on th is  l in e  o f the Problem Statement an HYPOTHESIS concerning the  
layout of the o b jec ts  is  o ffe re d , but th ere  is  no apparent support fo r  
the theory in the form of the hypothesis . F in a lly ,:  a f t e r  read ing  the  
th ir d  l in e  of the Problem Statement the Subject is  seen to be concerned 
w ith  the layout of the o b je c ts , but th ere  lis  no evidence in  the 
preceding lin e s  th a t programming knowledge had a ro le  to  p la y  in  
d ire c t in g  a tte n t io n  as in d ica ted  in the th eo ry .
In sum, there  is  both supporting  and d isco n firm in g  evidence on the  
' in te r a c t io n is t '  theory presented above. There is  much in  the comments
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of S5 which suggest th a t th is  Subject has some d i f f i c u l t y  r e t r ie v in g  
concepts, and a lso  in  accessing the Knowledge associated  w ith  the  
concepts e v e n tu a lly  r e t r ie v e d . Th is  is  r e f le c te d  in the amount of 
RE-READING th a t occurs in response to the f ir s t :  th ree  l in e s  o f  the  
Problem S tatem ent, and in the number o f PROBEs in i t ia t e d .  The s a fe s t 
statem ent to  be made a t the moment would seem to be th a t the - 
in te r a c t io n is t  theory perhaps only holds in circum stances where novices  
have f a i r l y  w ell e lab o ra ted  programming Knowledge, th a t is ,  when severa l 
b asic  concepts have been wel l in te g ra te d  by a model, of a process, such 
as the Loop model o f  re c u rs io n . W ithout such in te g ra t io n , i t  seems from  
S 5 's  behaviour th a t re a l world Knowledge and programming Knowledge are  
two more or less  separate  'packages' which are  picked up and worked on 
in tu rn .
o
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CHAPTER 8
PRODUCTION SYSTEM MODELS OF CODING AND PROGRAM EVALUATION
8 .1  INTRODUCTION
A major goal m o iiv a iin g  ih© research rep o rted  in  th is  th e s is  is  to  
provide computer models o f the processes novices use in  w r it in g  computer 
programs. Although th is  goal has not been 100% achieved , some aspects  
of the behaviour have been implemented in computer programs. In  th is  
c h ap te r, two production systems (PS) w i l l  be describ ed . The f i r s t  PS is  
a model of the Coding and Program E va lu a tio n  phase of Subject S 8 's  
programming behaviour.i S 8 's  performance w h ile  coding the 'BULLETHOLE' 
problem w i l l  be described in  some d e ta il, in  the next s e c tio n , and then  
the PS model w i l l  be presented .
As in d ica ted  in  Chapter 4 , i t  is  l i k e ly  th a t many novices have no 
very ex ten s ive  knowledge of re c u rs io n . However, i t  was a lso  suggested  
th a t novices w ith  a S y n ta c tic , o r Magic model o f recu rs io n  would be ab le , 
to recognize re c u rs iv e  procedures having a p a r t ic u la r  su rface  s t ru c tu re ,  
and be ab le  to  s u c c e s s fu lly  p re d ic t whether such a program would have a 
req u ired  e f fe c t  on databases o f  a c e r ta in  form. I t  was presumed th a t  
im ita t io n  of programs c o n s titu te s  a f a i r l y  low le v e l of problem s o lv in g  ;
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; PAGE 8 -2
and would cause the person using such a s tra te g y  1 i t t l e  d i f f i c u l t y .  In  
S ection  7 .4  th ere  w ill;  be a d iscussion  o f i t h is  misguided b e l ie f  w ith  
respect to  the many s o lu tio n  attem pts of. one of the S ub jects  (S5) who 
attem pted to w r ite  a program through im ita t io n  of the ' INFECT'! program  
on page 80 of the Programming Manual, An ' im i t a t io n '  PS customized to  
model one aspect o f the im ita t io n  s tra te g y  o f S5 w i l l  be described in  
the la s t  sect ion o f th is  ch ap te r.
8 .2  THE 'BULLETHOLE' PROBLEM; SB'S PROTOCOL (CODING 8. EVALUATION PHASE)
The p ro toco l in d ica ted  th a t S8 went through two stages o f  
programming a c t iv i t y  once the problem had been understood. The f i r s t  o f  
these was a coding s tag e , and the second a program e v a lu a tio n  s tag e .
The two stages are in d ica ted  in the e x tra c ts  from the protocol: below. 
[The e x tra c t has been s l ig h t ly  e d ite d . There was a m is p rin t in the  
Problem Statement -  'SHOOTUP' had been p r in te d  as 'SOOTUP' -  and th is  
was noticed  by the S u b jec t, and commented upon. The m is p rin t had no 
e f fe c ts  o f confusion , so they and a l l  in e s s e n tia l d e ta i ls  have been 
d e le te d . The protoco l l in e s  th a t remain are  quoted ve rb a tim , and 
occured in the order in which they are p re s e n te d .]
8 .2 .1  The Coding Stage.
In the f i r s t  s tag e , the program was typed in a t the te rm in a l, w ith  
glances back a t the problem statem ent to  g ather in fo rm atio n  on the name 
of the req u ired  procedure ( f i r s t  few l in e s  of the e x t r a c t ) ,  to  check the  
name of the r e la t io n  lin k in g  nodes, and so fo r th .  The e n t ir e  program is
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w r it te n  as though thei Subject has a w e ll worked out mental p lan  fo r  the 
program, but has to  set up a search in  the problem statem ent fo r  the  
plans v a r ia b le s . Here is  the e x tra c t from the p ro toco l in  which the 
coding of the program occurs. ;
So, i t ' s  TO SHOOTUP (s ta r ts  a t the te rm in a l)
E: Do you want to w r ite  i t  down?
Ummm..
E: I mean, go ahead and w r ite  i t  down.. . .
( 2 )  No, I was ju s t looking  a t what to  c a l l  i t .  Is  i t  okay to  ju s t  do i t
on•■ «■ -
E: Yeah, yeah.
Types TO SHOOTUP /% /
So we want th a t to have HAS BULLETHOLE.
Types NOTE
Uh, NOTE  ;
E: Are you going to have problems there?
Yes, I h aven 't put a 1 in e .
D e le tes  NOTE. Types 1 NOTE / X /  HAS BULLETHOLE
Now I ju s t do : ; ,
Q  Types RETURN
   t h a t .
Two. . . .
Types 2 CHECK
CHECK....CHECK X
Types / X /
Looks a t problem s tatem ent.
Just ON, QUESTION MARK 
Types ON, ? , RETURN
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D isp lay  shows: I f  P resent:
I ' l l  have to  put; a fu n c t io n . . . .  type SHOOTUP.
Ummm.... U h a t's  the s itu a t io n  now?
IF PRESENT:
Types SHOOTUP
 SHOOTUP ASTERISK
Types *
Yeah?
Ummm, EXIT  
Types ; ,  EXIT, RETURN i 
D isp lay  shows I f  Absent :
Is  th a t r ig h t?
Types EXIT
IF ABSENT EXIT
Uh, w i l l  th a t work? (Begins m um bling-reading what has been ty p e d .)
8 .2 .2  The E va lu a tio n  s tag e .
Once the program had been typed in  but b e fo re  typ ing  'DONE'
( in d ic a tin g  the end o f  the program def in i t io n )  the Subject went in to  the  
second s tag e , which involved e v a lu a tin g  the program by m en ta lly  
in s ta n t ia t in g  v a r ia b le  va lu es , and s im u la tin g  the behaviour o f  the  
program. For example, the Subject begins by naming the procedure, then 
the procedure p lus param eter, and then m en ta lly  makes the param eter 
equal to the f i r s t  node the procedure is  to operate  on: 'SANDWICH'.
Uh, I was wondering i f . . . .  I thought I should check i t  a t th is  
s ta g e . . . .
E: Yeah. Are you checking it?  I mean th a t 's  what I. want to  know .. . .
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Yeah, I'm  Ih in K in g  about how i t  goes th ro u g h .. . v  
TO SHOOTUP, SHOOTUP X, l e t ' s  say X is  a SANDWICH....
E! R i g h t .  ^
F ir s t  of a l l  i t  NOTEs in  the d a ta b a s e .. . .X  HAS BULLETHOLE 
I t  then CHECKS whether X is  ON a n y th in g . , . .
I f  i t  is ,  i f  i t ' s  PRESENT i t  does SHOOTUP to the  next th in g  l i k e . . .  
Looks a t problem statem ent
X is  ON PLATE so i t  w i l l  do th a t to  PLATE.. . .
So th a t should keep doing th a t ,  PLATEs on, CHECK, something, so on 
and so o n . . . .
I f  i t ' s  not on anyth ing i t ' s  okay to ju s t  EXIT, is n 't  i t?
E: R ig h t.
So I w r ite  RETURN, DONE. i 
Types RETURN DONE RETURN
D isp lay  shows OK I NOW KNOW HOW TO 'SHOOTUP' / X /
8 .3  THE PRODUCTION SYSTEM MODEL OF SB'S PROGRAMMING BEHAVIOUR.
In th is  sec tio n  the annotated production  system model o f  the coding  
and e v a lu a tio n  process is  p resented .
The product ion systems in th is  chapter were designed by m yse lf, but 
were implemented by Rick E v e rtz , (a research  a s s is ta n t in our : 
la b o ra to ry ) in h is  own product ion system language 'P O P S I'.
The system 's working memory con ta ins  a re p re s e n ta tio n  of the  
problem which has been derived  from in fo rm ation  in the Recursion schema. 
The problem re p re s e n ta tio n  co n s is ts  o f  a p lan fo r  coding the program.
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p lus  the expected re s u lt  o f running the program. The p lan  would have 
been constructed  by combining the in fo rm ation  gathered during  the  
read ing  phase w ith  the in fo rm atio n  in  the SURFACE-STRUCTURE: s lo t  of
the schema. These in te ra c tio n s  have not been m odelled. Th is  is  the way 
the problem is  represented  in  working memory a t th e .b eg in n in g  of the  
s im u la tio n  ( th is  is  the 'p la n ' discussed in Chapter 7 ) :
( (procedure-name: shootup)
(p la n : (w r ite  procedure name)
(a d d -p a tte rn  param eter has b u lle th o le )  <= from ACTION: s lo t  
( ( fo r - th e -c h a in  param eter on var2 ) <= from GOAL: s lo t
(reap p ly  var2 has b u l le th o le ) ) )
( t r - l i s t : (on (sandwich p la te  newspaper book ta b le  f lo o r ) ) )  
( r e q u ir e d - r e s u lt : (sandwich p la te  (has b u l le t h o le ) ) )
(Ceml SOLO:)
■ ))  ■
These are the production ru le s :
; *  - :
The ru le -s e t  co n s is ts  of two packets: <CODING-PKT> and 
<EVALUATION-PKT>.
; * * * * * * * * * * * * * * * *  THIS IS THE START OF THE CODING PACKET
; I f  you are s a t is f ie d  th a t the program w i l l  work, 
; then w r ite  'DONE' to e x te rn a l memory, and h a l t . .
(C lil ((program  t )  )
( (*em>K DONE)
( * h a l t * ) ) )
; I f  the next p a rt of the p lan  is  to  w r ite  the procedure name,: 
; and you know what the procedure name is ,
; then deposit the re s t of the p lan  in  working memory,
; and type 'TO procedure-name / X / ' . . .
(C2a ( (p lan : (w r ite  procedure name) & res t) 
(procedure-name: =procname))
( (p la n : & rest)
(*em * TO =procname x ) ) )
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I f  the next p a rt o f the plan is  to
add the p a tte rn  'som ething r e la t io n  som eth ing -e ls e ' ,  
and SOLO has ju s t  prompted you w ith  a 1 ine-number, 
then deposit the re s t of the p la n , 
and type 'NOTE something r e la t  ion som eth ing-e lse .
(C2b ( (p la n :  (a d d -p a tte rn  parameter: =re l =node2) & res t) 
([em ] (*linenum berp# (= n )) 8, (TO = =var) & ))
==>
((p la n :  & res t)
( *em* NOTE -v a r  = re l =node2)) )
I f  the next p a rt of the p lan  is  th a t 'fo r - th e -c h a in ' th in g ,
and SOLO prompts w ith  a 1 ine-number,
then deposit the re s t of the plan in working memory,
and type 'CHECK some-parameter s o m e-re la tio n  q u e s tio n -m a rk '. . .
(C2c ( (p la n : ( ( fo r - th e -c h a in  param eter = re l va r2 ) (reap p ly  var2  
' = ))  ■
& rest)
([em ] (*linenum berp* (= n )) & (TO = =var) & ))
( (p la n : & rest)
(*em# CHECK =var = re l ? ) ) )
I f  SOLO has ju s t prompted you w ith  ' I f  P re s e n t: ' and the  
next p a rt of the plan is  to  reap p ly  the procedure, 
then type the 'procedure name', a 's t a r '  and 'E X IT '.
N.B. the procedure name is  obtained from the 'TO . . . '  l i n e  
of e x te rn a l memory.
(C3a ( ([em ] (= A I f  Present : ) 8c (TO =procname =) 8 c )  
(p la n : (= (reap p ly  = = - ) ) ) )
( (*em * =procname *  : E X IT )) )
; When SOLO prompts you w ith  ' I f  Absent : ' , .  i f  the p lan  is  
; nul 1 then ju s t type 'E X IT ' and invoke the e v a lu a tio n  packet
(C3b ( ([em ] (= B I f  Absent : ) 8 c )
(p la n : ) )
((*e m * EXIT)
(<eva lu a t io n -p k t> )) )
; * * * * * * * * * * * * * * * *  THIS IS THE START OF THE EVALUATION PACKET * * *  —
; At the s ta r t  o f eva lu a t ion ( i . e .  befo re  a mental program p o in te r  has 
; been g en era ted ), a tten d  to the top 1 ine of the procedure, and m en ta lly
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; note th a t a t th is  p o in t , the re le v a n t subset o f the database is  empty.
(EV0 ( (# n o t*  (p rogram rpo in ter: & ))
([em ] 8c  (TO =procname =var) 8 c ) )
==>
((p ro g ra m -p o in te r: (TO =procname -v a r ) )
(database: ( ( ) ) ) ) )
; I f  you are  looking  a t the top l in e  o f the procedure, and th is  con ta ins  
; a formal param eter, then m en ta lly  note th a t you w i l l  next be looking  J 
a t the . ■
; next l in e ,  and deposit a subgoal to  a s c e rta in  the va lue  o f th a t 
param eter.
; ( a l te r n a t iv e ly  one could increment the program p o in te r  a f t e r  
a s c e rta in in g  
; the value o f the formal param eter)
(EVl ( (p ro g ram -p o in te r: (TO = = v a r ))
([em ] 8c =nextl ine =nextl inenum (TO = =vdr) 8 , ) )
((W Subst* (p ro g ram -p o in te r: -n e x t l in e  =nextlinenum )
; fo r
(p ro g ram -p o in te r: 8 c ) )
(a s c e rta in  = v a r )) )
I f  the c u rren t T in e  is  a 'NOTE' and you know what the node , 
you are  no ting  is  then add i t s  c u rren t b ind ing  to  your l i t t l e  
mental database.
(EV2 ((p ro g ra m -p o in te r: (NOTE =nodel =re l =node2) =)
(=nodel is  -c u rre n tb in d in g )
(database: (&nodes =prop))
([em ] 8c  -n e x t l in e  =nextl inenum (NOTE 8 c )  8 c ) )
( ( * s u b s t*  (p ro g ram -p o in ter: = n e x tlin e  =nextlinenum )
' f  o r
(p ro g ram -p o in ter: 8 c )  )
(*s u b s t*  (database: (&nodes =curren tb ind ing  (= re l =node2)))
; : fo r
(database: (&nodes = p ro p )) ) ) )
; I f  the next l in e  is  a 'CHECK' then get what f i l l s  the '? '  s lo t  o f f
; of the t r - l i s t ,  and say what i t  is .
(EV3 ■ ((p ro g ra m -p o in te r: (CHECK =nodel = re l ?) - )
(=nodel is  =curren tb in d in g )
( t r - l i s t :  (= re l (8c =curren tb ind ing  =nextnode & )) )
([em ] 8. = n e x tlin e  =nextl inenum (CHECK 8 . )  8 c ) )
( (# s a y *  (=nodel = re l =nextnode))
(*s u b s t*  (p ro g ram -p o in ter: = n e x tlin e  =nextlinenum ) 
fo r
(p ro g ram -p o in te r: & ) ) ) )
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I f  you a re  looking  ot ihe  1 inei th a t does the re c u rs iv e  c a l l , 
then increment the program p o in te r , and deposit a new p o in te r ,  
which p o in ts  to  the top l in e  of the procedure. So we now have 
two p o in te rs : the o ld  one which the PS would come back to  i f  i t  
had to a f t e r  s o rtin g  out what happens in the re c u rs iv e  c a l l , ,  and 
a new one which has precedence because i t  was deposited more 
re c e n tly  ( i . e .  is  a more recent sub g o al).
(EV4 . ((p ro g ra m -p o in te r: <=procname *  : =) (= A I f  P re s e n t:) )  
(=var = re l =node2) ;
([em ] & = n e x tlin e
=nextlinenum  
; (=procname *  : =)
8c (TO =procname =) 8c) )
( ( * s u b s t*  (p ro g ram -p o in te r: = n e x tlin e  =nextlinenum )
: fo r
(p ro g ram -p o in te r: 8c))
(p ro g ram -p o in te r: (TO =procname - v a r ) ) ) )
; The database is  the same as the re q u ire d -re s u lt ,  so deposit (program
; and invoke the co d in g -p acket.
(DONE ( (database:. = c u rre n ts ta te )
(requ ir e d - r e s u l t : = c u rre n ts ta te ) )
( (program t )
(< c o d in g -p k t> )) )
I f  you want to  a s c e rta in  the va lue of some param eter, then i t s  
value is  the next node on the t r - 1 i s t . The next node on the t r - 1 i s t  
is  m erely the node which comes a f t e r  the la s t  node which you looked ^
a t ,  in o th er words the one a f te r  '& nodes '.
N.B. a t the very s ta r t  of program e v a lu a tio n , '8cnodes' is  n u l l ,  and 
so the next node would in fa c t be the f i r s t  node. In o th e r words, 
the '&m atcher' in a le fth a n d s id e  can match ag a in s t an y th in g , in c lu d in g  
noth ing .
(APRl ( (a s c e r ta in  =var)
(database: (&nodes))
( t r - 1 i s t : (= (&nodes =nextnode & ) ) ) )
( (*s a y *  (= v a r is  =nextnode)) ) )
: :
DISCUSSION: The dec is io n  to t i e  the product ions to g e th er in  packets is  
ju s t i f ie d  by SB's ded icated  a p p lic a t io n  o f  f i r s t  one method (coding) and 
then ano ther (e v a lu a t io n ) . However, i t  would be a s im p li f ic a t io n  to  
suggest th a t SB shows a s ing le-m inded a t te n t io n  to  one phase of 
programming w ithout keeping s ig h t of other; phases. Remember th a t the  
protocol shows the Subject suspending coding behaviour (th e  Subject does
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not type 'DONE' u n t i l  the re s u lt  from the évo lu â t ion phase is  in ) ra th e r  
than ending i t  suddenly. The pro toco l suggests th a t th is  Subject is  in  a 
t r a n s it io n  phase between novice and expert: behaviour w ith  respect to  
commenting the behaviour being produced. In  the coding phase the Subject 
is  working a t a p u re ly  a b s tra c t le v e l ,  not: once in s ta n t ia t in g  values fo r  
the formal param eter, and so fo r th .  Th is suggests th a t the problem  
v a r ia b le s
have a lread y  been a s s im ila te d  to  an in te rn a liz e d  re p re s e n ta tio n  of the  
program th a t is  being designed 'on  the ru n ' as i t  were (a ls o  see the  
read ing  phase of th is  S u b je c t's  p ro toco l;; Chapter 7)> Only during  
program e v a lu a tio n  does the Subject sw itch  over in to  'c a r e fu l ' ,  mode, 
although even here the S u b je c t's  confidence in the a lg o rith m  is  
d isp layed . For example, although the formal param eter is  in s ta n tia te d  
w ith  the node a t the head of the Chain r e la t io n  l i s t ,  and the re q u ire d  
; s ide
e f fe c t  to the database c a r e fu l ly  checked, the behaviour o f the re c u rs iv e
segment is  'sum m arized' by the Subject a f t e r  i t  has been a scerta in e d  
th a t the next node w i l l  be generated , as re q u ired ,; and th a t the s id e  
e f fe c t  to  th is  node a lso  w i l l  occur as re q u ire d . Th is  c a re fu l e v a lu a tio n  
o f the e f fe c ts  of code is  a h igh le v e l s k i l l  which is  not a v a ila b le  to  
a l l  novices, as w i l l  be seen in the next main s e c tio n , below. In the  
re s t of th is  sec tio n  th ere  is  presented a sample run of the PS designed  
to model S 8 's  coding and e v a lu a tio n  behaviour. The tra c e  very c lo s e ly  
matches the behaviour e x h ib ite d  in the p ro to c o l, and as such rep resen ts  
a c le a r  r e f le c t io n  of the processes -  a t a general le v e l of a n la y s is  -  
th a t have occured.
; HERE IS A SAMPLE RUN OF THE ABOVE PRODUCTION SYSTEM;
Working memory is  :
((PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2):
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN; (ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE)
( (FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(TR-LIST; (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))) 
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xterna l memory is  :
([EM ] (20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP X)
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SOLO:)
F ir in g  ru le :  C3B 
C3B
(([E M ] (= B IF  ABSENT:) &) (PLAN:)) 
((>KEM)K EXIT) «EVALUATION-PKT» ) 
(Chosen on the basis  of RECENCY}
E xtern a l memory has had: (EXIT) added, 
. . . . 3 0 :
o Externa l memory has had: (30 ) added by s o lo .
Working memory is  :
((PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))) 
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xterna l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:) 
(SHOOTUP *  : EXIT)
(20 A IF PRESENT:) 
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE) 
( 10)
(TO SHOOTUP x) r 
SOLO:)
F ir in g  ru le :  EV0 
EV0
((*NOT>K (PROGRAM-POINTER: 8.)) ([EM ] & (TO =PROCNAME -vAR) 8.)) 
((PROGRAM-POINTER: (TO =PROCNAME =vAR)) (DATABASE: (N IL ) ) )
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{Chosen on the basis  o f RECENCY?
Deposited: (PROGRAM-POINTER: (TO SHOOTUP x ) )
D eposited: (DATABASE:: (N IL ))
Working memory is  :
((DATABASE: (N IL ))
(PROGRAM-POINTER: (TO SHOOTUP x ) )
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)- 
(REAPPLY VAR2 HAS BULLETHOLE)))
^  (PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
r  )  ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE))) :
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))) 
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xtern a l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
. .  ' ( 10)
( J (TO SHOOTUP X)
SOLO:)
F ir in g  r u le :  EVl
EVl
((PROGRAM-POINTER: (TO = =vAR)j 
([EM] & =NEXTLINE =NEXTLINENUM (TO = =vAR) & ))
((*SUBST* (PROGRAM-POINTER: =NEXTLINE =NEXTLINENUM)
FOR
(PROGRAM-POINTER: (TO = =vAR)))
(ASCERTAIN =vAR))
(Chosen on the basis  of RECENCY?
D ele ted : (PROGRAM-POINTER: (TO = x ) )
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Deposiled : (PROGRAM-POINTER: (NOTE x HAS BULLETHOLE). (1 0 ) )
Deposited: (ASCERTAIN x)
Working memory is  :
((ASCERTAIN x)
(PROGRAM-POINTER: (NOTE x HAS BULLETHOLE) (1 0 ))
(DATABASE: (N IL ))
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE))) ;
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))) 
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xtern a l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP *  : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le :  APRl 
APRl
((ASCERTAIN =vAR)
(DATABASE: (N IL ))
(TR-LIST: (=REL (=FIRSTNODE &REST))))
( (*SUBST>K (TR-LIST: (=REL (=FIRSTNODE &REST))
(LOOKING AT: =FIRSTNODE))
FOR
(TR-LIST: (=REL (=FIRSTNODE &REST))))
(*SAY* (=vAR IS =FIRSTNODE)))
(Chosen on the basis  o f RECENCY)
D ele ted : (TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR)) )
oo
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Deposited: CTR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
"(x  IS SANDWICH)"
Deposited: (x IS SANDWICH)
• f - ■ f ' ■ f ' 4- 
Working memory is  :
( (x  IS SANDWICH)
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE. FLOOR)) 
(LOOKING AT: SANDWICH))
(ASCERTAIN X)
(PROGRAM-POINTER: (NOTE x HAS BULLETHOLE). (1 0 ))
(DATABASE: (N IL ))
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2);
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xterna l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP *  : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
( 20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le :  EV2
EV2
((PROGRAM-POINTER: (NOTE =NODEi:=REL =N0DE2) =)
(=N0DE1 IS =CURRENTBINDING)
(DATABASE: (8.N0DES =PROP))
(TR-LIST: (=RELATION =L1ST) =LOOKINGAT)
([EM] 8c =NEXTLINE =NEXTLINENUM (NOTE 8.) & ))
((*SUBST* (TR-LIST: (=RELATION =LIST) (LOOKING AT: =CURRENTBINDING)) 
FOR
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(TR-LIST: (^RELATION =LIST) -LOOKINGAT))
(*SUBST* (DATABASE: (&NODES =CURRENTBINDING (=REL =N0DE2)))
FOR
(DATABASE: (&NODES =PROP)))
OKSUBST* (PROGRAM-POINTER: =NEXTLINE =NEXTLINENUM) 
for
(PROGRAM-POINTER: (NOTE =N0DE1 =REL =N0DE2) = ) ) )
CChosen on the basis  o f RECENCY)
D ele ted : (TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
Deposited: (TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
D e le ted : (DATABASE: (N IL ))
Deposited: (DATABASE:. (SANDWICH (HAS BULLETHOLE)))
D e le ted : (PROGRAM-POINTER: (NOTE x HAS BULLETHOLE) =)
D eposited: (PROGRAM-POINTER:; (CHECK x ON ?) ( 2 0 ) ) :
Working memory is  :
((PROGRAM-POINTER: (CHECK X ON ?) (2 0 ))
(DATABASE: (SANDWICH (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
(X IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE))) 
y - .  (PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
( )  ((FOR-THE-CHAIN PARAMETER ON VAR2),
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xterna l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
( 20 )  . ■ ■
oo
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(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le ;  EV3
EV3
((PROGRAM-POINTER: (CHECK =N0DE1; =REL ?) =CURRENTLINENUM)
(=N0DE1 IS =CURRENTBINDING)
(TR-LIST: (=REL (& =CURRENTBINDING =NEXTNODE &REST))
(LOOKING AT: =CURRENTBINDING))
([EM ] & =NEXTLINE =NEXTLINENUM (CHECK &) & ))
( OKSAY* (=N0DE1 =REL =NEXTNODE))
(*SUBST* (PROGRAM-POINTER: =NEXTLINE =NEXTLINENUM) :
FOR
(PROGRAM-POINTER: (CHECK =N0DE1 =REL ?) =CURRENTLTNENUM))) 
(Chosen on the basis  of RECENCY)
"(X ON PLATE)"
D eposited: (x ON PLATE)
D ele ted : (PROGRAM-POINTER: (CHECK x ON ?) (2 0 ))
Deposited: (PROGRAM-POINTER: (SHOOTUP *  : EXIT) (20 A IF  PRESENT:))Sq$q
4- 4- 4" 4- 4- 4- 4" 4 ' 4" 4" 4- 4’ 4’ 4" 4 ' 4 ‘ 4‘ 4 ' 4 ’
Working memory is  :
((PROGRAM-POINTER: (SHOOTUP *  : EXIT) (20 A IF PRESENT:) )
(x ON PLATE)
(DATABASE: (SANDWICH (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
(x IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
( (FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)) )
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
Externa l memory is  :
([EM ] (30)
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(EXIT)
(20 B IF ABSENT:)
(SHOOTUP )K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le :  EV4
EV4
((PROGRAM-POINTER: (=PROCNAME *  : =) (= A IF  PRESENT:))
(=vAR =REL =N0DE2)
([EM ] &
=NEXTLINE 
=NEXTLINENUM 
(=PROCNAME *  : =)
&
(TO =PROCNAME =)
.=>  - 
( (*SUBST* (PROGRAM-POINTER: =NEXTLINE =NEXTLINENUM)
FOR
(PROGRAM-POINTER: (=PROCNAME *  := =) (= A IF  PRESENT:))) 
(PROGRAM-POINTER: (TO =PROCNAME =vAR)))
{Chosen on the basis  of RECENCY)
D ele ted : (PROGRAM-POINTER: (SHOOTUP *  : =) (= A IF  PRESENT:))
Deposited: (PROGRAM-POINTER: (EXIT) (20 B IF  ABSENT:))
Deposited: (PROGRAM-POINTER: (TO SHOOTUP x ))$q$q
Working memory is  :
((PROGRAM-POINTER: (TO SHOOTUP x ) )
(PROGRAM-POINTER: (EXIT) (20 B IF ABSENT:))
(x ON PLATE)
(DATABASE: (SANDWICH (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR)) 
(LOOKING AT: SANDWICH))
(x IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2):
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
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(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2);
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xtern a l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP *  : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP X )
SOLO:)
F ir in g  ru le :  EVl
EVl
((PROGRAM-POINTER: (TO = =vAR))
([EM ] & =NEXTLINE -NEXTLINENUM (TO = =vAR) & ))
((*SUBST* (PROGRAM-POINTER: =NEXTLINE =NEXTLINENUM)
FOR
(PROGRAM-POINTER: (TO = =vAR)))
(ASCERTAIN =vAR))
(Chosen on the basis  of RECENCY)
D ele ted : (PROGRAM-POINTER: (TO = x ) )
Deposited: (PROGRAM-POINTER: (NOTE x HAS BULLETHOLE). (1 0 ) )
Deposited: (ASCERTAIN x)$q$q
Working memory is  :
((ASCERTAIN x)
(PROGRAM-POINTER: (NOTE x HAS BULLETHOLE)/(1 0 ))  
(PROGRAM-POINTER: (EXIT) (20 B IF ABSENT:))
(x ON PLATE)
(DATABASE: (SANDWICH (HAS BULLETHOLE)) )
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE:FLOOR)) 
(LOOKING AT: SANDWICH))
(x IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2):
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
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( (FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE))) 
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE))) 
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E x te rn a l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le :  APR2
APR2
((ASCERTAIN =vAR)
(DATABASE:: (&NODES =CURRENTNODE = ))
(TR-LIST: (= (&NODES :=CURRENTNODE =NEXTNODE & )) 
(LOOKING AT: =CURRENTNODE)))
==>
((*S A Y * (=vAR IS =NEXTNODE)))
(Chosen on the basis  of RECENCY)
"(x  IS PLATE)"
Deposited: (x IS PLATE)
Working memory is  :
( (x  IS PLATE)
(ASCERTAIN x)
(PROGRAM-POINTER: (NOTE x HAS BULLETHOLE): (1 0 ))  
(PROGRAM-POINTER: (EXIT) (20 B IF ABSENT:))
( X  ON PLATE)
(DATABASE: (SANDWICH (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE.FLOOR)) 
(LOOKING AT: SANDWICH))
(x IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
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(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)) )
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE)
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E x te rn a l memory is  : ■
([EM ] (30)
(EXIT) _
(20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON 7 )
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP X )  /
SOLO:) .  ^
F ir in g  ru le :  EV2
E V 2  ■
((PROGRAM-POINTER: (NOTE =N0DE1 =REL =N0DE2) =)
(=N0DE1 IS “CURRENTSINDING)
(DATABASE: (&NODES “PROP))
(TR-LIST: ( “RELATION “LIST) “LOOKINGAT)
([EM ] & “NEXTLINE “NEXTLINENUM (NOTE &) & ))
((*SUBST* (TR-LIST: ( “RELATION -L IS T ) (LOOKING AT: “CURRENTSINDING))
. FOR
(TR-LIST: ( “RELATION “LIST) “LOOKINGAT))
(*SUBST* (DATABASE: (&NODES “CURRENTSINDING ( “REL “N0DE2)))
for
(DATABASE: (&NODES “PROP)) )
(*SUBST* (PROGRAM-POINTER: “NEXTLINE “NEXTLINENUM)
FOR
(PROGRAM-POINTER; (NOTE “NODEl “REL “N0DE2) = ) ) )
{Chosen on the basis  of RECENCY)
D ele ted : (TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: SANDWICH))
Deposited: (TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR))
(LOOKING AT: PLATE))
D e le te d ; (DATABASE: (SANDWICH (HAS BULLETHOLE)))
Deposited: (DATABASE:; (SANDWICH PLATE (HAS BULLETHOLE)))
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D ele ted : (PROGRAM-POINTER: (NOTE x HAS BULLETHOLE) =)
Deposited: (PROGRAM-POINTER: (CHECK x ON ?) (2 0 ))
Working memory is  :
((PROGRAM-POINTER: (CHECK x ON ?) (2 0 ))
(DATABASE: (SANDWICH PLATE (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE FLOOR)) 
(LOOKING AT: PLATE))
( X  IS PLATE)
(ASCERTAIN x)
(PROGRAM-POINTER: (EXIT) (20 B IF ABSENT:))
(x ON PLATE)
( X  IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2):
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2):
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xtern a l memory is  :
([EM ] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP *  : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
(20)
(NOTE X HAS BULLETHOLE)
( 10)
(TO SHOOTUP X )
SOLO:)
F ir in g  ru le :  DONE
DONE
((DATABASE: =CURRENTSTATE)
(REQUIRED-RESULT: =CURRENTSTATE)
(PROGRAM-POINTER: & ))
((PROGRAM T) «CODING-PKT»)
(Chosen on the basis  of RECENCY)
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D eposited: (PROGRAM T)
Working memory is  :
((PROGRAM T)
(PROGRAM-POINTER: (CHECK x ON ?) (2 0 ))
(DATABASE: (SANDWICH PLATE (HAS BULLETHOLE)))
(TR-LIST: (ON (SANDWICH PLATE NEWSPAPER BOOK TABLE.FLOOR)) 
(LOOKING AT: PLATE))
( X  IS PLATE)
(ASCERTAIN x)
(PROGRAM-POINTER: (EXIT) (20 B IF  ABSENT:))
( X  ON PLATE)
(x IS SANDWICH)
(ASCERTAIN x)
(PLAN:)
(PLAN: ((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PLAN: (ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(PROCEDURE-NAME: SHOOTUP)
(PLAN: (WRITE PROCEDURE NAME)
(ADD-PATTERN PARAMETER HAS BULLETHOLE) 
((FOR-THE-CHAIN PARAMETER ON VAR2)
(REAPPLY VAR2 HAS BULLETHOLE)))
(REQUIRED-RESULT: (SANDWICH PLATE (HAS BULLETHOLE))))
E xtern a l memory is  :
([EM] (30)
(EXIT)
(20 B IF ABSENT:)
(SHOOTUP >K : EXIT)
(20 A IF PRESENT:)
(CHECK X ON ?)
( 20)
(NOTE X HAS BULLETHOLE)
(10)
(TO SHOOTUP x)
SOLO:)
F ir in g  ru le :  CMl
CMl
((PROGRAM T ))
((*E M * DONE) (*HALT*))
{Chosen on the basis  of RECENCY)
E xternal memory has had: (DONE) added.
SHOOTUP has been s u c c e s s fu lly  d e fin ed  and added to your pool o f
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procedures.
TO SHOOTUP / X /
10 NOTE / X / — HAS— >BULLETHOLE
20 CHECK / X / ----- ON— >?
A I f  P resent: SHOOTUP *  ; EXIT  
B I f  Absent : ; EXIT
SOLO: QUIT 
0pop
I  CPU used by PHOTO (H rs:M ins:Secs) -  0 :0 0 :1 0 .9 4 9  1 
[ CPU used by job (H rs:M ins:Secs) -  0 :0 1 :5 2 .5 4 2  ]
[Recording term inated  a t 1 2 /11 /8 2  1 5 :2 9 :2 9 ]
8 .4  THE 'BULLETHOLE' PROBLEM: S5'S PROTOCOL (CODING:PHASE)
S5 decided to 'have a look in the book' a t the end o f the read ing  
phase, and used the in fo rm atio n  in the f i r s t  1 ine o f the problem  
statem ent to f in d  a program to im ita te . The d ec is io n  to  im ita te  the  
'INFECT' program was s e t t le d  a f t e r  the Subject had attem pted to w r ite  
the t i t l e  1 ine of the program.
S 5 's  lengthy attem pt a t s o lv in g  the 'BULLETHOLE' problem can be 
summarized as the attem pt to f i t  th ree  d i f fe r e n t  a s s o c ia tiv e  t r ip le s  -  
' / X /  HAS BULLETHOLE', ' / X /  SHOOTS ? ' ,  and ' / X /  BULLETHOLE ? ' -  to  two 
program segments: a S id e -e f fe c t ,  and a GNO f  S e lf  segment. The f i r s t
protoco l segment given below begins a t the p o in t a t which the Subject 
has decided to im ita te  the INFECT program on page 80 of the Programming 
Manual. S5 had been unable to  decide whether the t i t l e  l in e  should  
conta in  'TO SHOOTUP (a t  (1 ) in the e x tra c t  below) and seeing th a t
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the example program (INFECT) contained on i t s  t i t l e  l in e  'TO INFECT 
" / X / " ' , the Subject decided th a t the formal param eter fo r  her own 
procedure a lso  should be ' / X / '  instead  o f which see:
(1 ) TO SHOOTUP. Oh, do I need, um .. . .  No, I want a 
QUESTION-MARK, space. Um, I d o n 't need to s p e c ify  the th in g , 
um .. . .  Do I want: a VARIABLE or do I want a QUESTION-MARK? I 
th in k  I ' l l  have, um, QUESTION-MARK A. Um.. . .  And th e n ..- . .
Um.. . .  NOTE. Oh, th e y 'v e  got ' X ' th e re . . . . I  want to d e le te  
the QUESTION-MARK and put X. I ,  I thought i t  should be a 
QUESTION MARK but I 'v e  decided t looking  a t the example on 
page e ig h ty  th a t i t ' s  X and (2 ) I'm  going to  fo llo w  th a t  
example now, and um. I'm  going to  type in NOTE, um .. . .
N O T E .... TO N O T E .... TO SHOOTUP X .. . - .
S5 im m ediately then decided th a t the best s tra te g y  would be to  
im ita te  not on ly  the t i t l e  l in e  of the INFECT program, but a lso  to  go on 
and t ry  to  im ita te  the re s t o f the program as w e ll (a t  (2 ) in the  
protoco l segment im m editely above).
o U n fo rtu n a te ly , on f i r s t  encounter w ith  the  INFECT program (when S5 
was studying the Programming Manual a t home, previous to  her v i s i t  to  
the la b o ra to ry ) S5 had developed some in c o rre c t no tions about recu rs io n . 
F i r s t ,  S5 had been puzzled about th e  use of a procedure which " is  
incorporated  subsequently in the same procedure" (quote taken  from S 5 's  
p ro to c o l) . Worse, from the INFECT program 's w ild -c a rd  p a tte rn  'CHECK 
/ X /  KISSES ? ' ,  S5 had acquired  the n o tio n  th a t th e re  had to  be an 
'a c t iv e '  re la t io n s h ip  between two nodes ('K ISSES' is  an 'a c t iv e '  
re la t io n s h ip )  before  a re c u rs iv e  process could work. Throughout the
/
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session the Subject made re fe ren ce s  to  th is  conception o f a r e s t r ic t io n  
on the use of re c u rs io n , w ithout the experim enter understanding , fo r  
some tim e, what e x a c tly  her problem was. The f i r s t  obscure occurence o f 
the idea is  found during  S5's  i n i t i a l  a ttem pt to  im ita te  the INFECT 
program. However, even w ithout a b iz a r re  model of the requirem ents fo r  
re c u rs io n , S5 found the search fo r  a s o lu tio n  to the problem p re t ty  
heavy going.
Some e x tra c ts  from the p ro to c o l, i l lu s t r a t in g  S 5 's  problems and 
s tra te g y , are  provided in the re s t  o f th is  s e c tio n . My comments fo llo w  
each e x tra c t and r e fe r  to the l in e s  having numbers in  b rackets  in  the 
e x tra c ts  from the p ro to c o l.
(3 ) U m ....  E r, space NOTE, NOTE, u m ... .  (4 ) X HAS 
FLU, SANDWICH ON PLATE. E r, SANDWICH HAS BULLETHOLE.
SANDWICH ON PLATE, SANDWICH HAS BULLETHOLE. U m ... .  SANDWICH. 
N O T E .... Oh, I know, um .. . .  S p ace .. . .  I th in k  I ' l l  t r y  
NOTE... . .  SANDWICH IS ON.. . .  Can I have IS ON fo r  a 
RELATIONship or s h a ll I ju s t have O N .. . .?  W ill ON be enough?
I ' l l  ju s t t r y  ON and N O T E .... Um, s t i l l  SANDWICH ON PLATE,
SANDWICH ON P L A T E .... I'm  now going to p u t, u m .. . .  E r . . . .
(5 ) TWO.. . .  TWO,' N O T E .... W ill i t  w a it fo r  a m inute w h ile  I 
th ink?  Um.. . .  "Can you w r ite  a procedure which makes the 
fo llo w in g  in fe re n c e : when you shoot an o b jec t th a t ob jec t  
has a b u l le t h o le ." SHOOT.. . .  SHOOT.. . .  Um, SHOOT,. . .  Um, 
SANDWICH.... My m ind's gone b lan k . Um.. . .  (6 ) I 'v e  got to
At ( 3 ) ,  the f i r s t  p re d ic a te  -  NOTE -  is  se le c te d  fo r  im ita t io n . At (4 )
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we se e  th e  S u b j e c t ' s  h a l t i n g  a t t e m p t s  l o  i m i t a t e  t h i s  f i r s t  l i n e  o f  th e  
INFECT p ro c e d u re  -  NOTE / X /  HAS FLU -  w i t h  so m eth in g :  f r o m  th e  f o l l o w i n g  
s e l e c t i o n  o f  t r i p l e s :  SANDWICH ON PLATE. SANDWICH HAS BULLETHOLE. and
SANDWICH IS  ON -  (PLATE, p r e s u m a b ly ) .  ' F i n d i n g '  on a rg u m en t t o  r e p l a c e  
t h a t  o f  th e  i m i t a t e d  p r e d i o a t e  o b v i o u s l y  i n v o lv e s  a ls o  e v a l u a t i n g  th e  .
oondidote argument, and S5 is obviously deficient in evaluation
f u n c t i o n s ,  i . e . .  th e  S u b je c t  c o l l e c t s  t o g e t h e r  a l l  p o s s i b l e  p a t t e r n s  and  
g iv e s  no re a s o n  f o r  s e l e c t i n g  'SANDWICH ON P L A T E ' .  A p l a u s i b l e  b a s is  
Q  s e l e c t i o n  i s  t h a t  i t  i s  th e  f i r s t  p a t t e r n  t o  a p p e a r  in  th e
problem 's example database.
NOTE SANDWICH ON PLATE. E r, can I have N O T E ....
Well, I need to look in here, to see uhaliL says in here.
Um  X . . . .  X SHOOTS SANDWICH, I ' l l  t r y  th a t .  NOTE SANDWICH
ON PLATE, X, e r . . . .  Space,. X SHOOTS,: um .. . .  SHOOTS 
SANDWICH.... U m ....  SHOOTS SANDWICH,, NOTE X HAS FLU, r ig h t ,  
th a t s Step One.: Now th e y 'v e  got Step Two. SANDWICH ON 
PLATE. No, I th in k  I ' l l  wipe a l l  th a t o u t. U m .. . . I 
th in k  what I ' l l  do is ,  um, make a DATABASE w ith  a l l  these 
Q  th ings 'ON' each o th er and then I w i l l  do th is  l i t t l e
PROGRAM a f te r  th a t . —  -------
A happy r e s u l t  o f  th e  d is p la c e m e n t :  a c t i v i t y  -  c r e a t i n g  th e  d a ta b a s e  
-  was th e  d eve lo p m en t o f  an e v a l u a t i o n  r u l e  f o r  s e l e c t i n g  th e  a rgu m en t  
o f  the f i r s t  p re d ic a te :
And uh, then I w i l l  do th is  PROCEDURE, so, u m .. . .  TO
SHOOTUP, e r ,  SANDWICH. TO SHOOTUP X.; Now, I'm  ju s t going to
copy th is  one. I'm  going to r e in s e r t ,  um, my terms instead  
of th e ir  term s. Um, I'm  going to have number One. One, um.
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NOTE, um, X . . . .  SHOOTS SANDWICH, I th in k . U rn ..,, " . . . .m ig h t  
look something l ik e  t h i s . . , .  So th a t ony o b j e c t . . . .  When you 
shoot an o b je c t,/ has a b u l le t h o le ." X SHOOTS, o b je c ts .
..p u ts  b u lle th o le s  in  o b je c ts  X. I th in k  I ' l l  t r y
th a t .  X, um, SHOOTS SANDWICH. No, no. I ' l l  have X HAS 
BULLETHOLE. Um, yes, because th a t 's  the f in a l  p o s it io n , l ik e  
X HAS FLU, um, HAS BULLETHOLE. HAS BULLETHOLE. I t  h a s n 't got 
a b u lle th o le ,  has it?  But anyway. X H A S .... That w i l l  be the 
Q  SANDWICH, we have th a t fo r  the SANDWICH. Um, then Step Two
w i l l  b e . . . .  Come on, come on.
A lto g e th e r, S5 made innumerable a ttem p ts , fa ls e  s t a r t s ,  back ups, 
and designed f iv e  programs in her unsuccessful attem pt a t s o lv in g  the  
problem (F ig u re  8 .1 ) .  Throughout the session S5 c o n tin u a lly  changed the  
CHECK statem ents arguments in a va in  attem pt to produce a c o n fig u ra tio n  
which would output the sequence o f s id e -e f fe c ts  re q u ire d  by the problem. 
As may be seen from th is  sequence of programs, once a c r i t e r io n  fo r  
accept ing the f i r s t  Step had been e s tab l ished, the s itu â t  ion s ta b i l  ized  
u n t i l  the very la s t  a ttem p t. A lto g e th e r, S5 made th ree  attem pts to  get 
(% ) Step 2 r ig h t  (A ttem pts 1, 2 , and 3) a f t e r  which both Steps 1 and 2
became s ta b le , and Step 2A was m anipulated (a ttem pt number 4 ) .
1) TO SHOOTUP / X /  2) TO SHOOTUP / X /
1 NOTE / X /  HAS BULLETHOLE 1 NOTE / X /  HAS BULLETHOLE .
2 CHECK / X /  SHOOTS ?A 2 CHECK / X /  BULLETHOLE ?A
IP: SHOOTUP *A; EXIT IP : SHOOTUP *A; EXIT
lA: EXIT lA: EXIT
DONE DONE
3) TO SHOOTUP / X /  4) TO SHOOTUP / X /
1 NOTE / X /  HAS BULLETHOLE 1 NOTE / X /  HAS BULLETHOLE :
2 CHECK / X /  HAS BULLETHOLE 2 CHECK / X /  HAS BULLETHOLE
IP: SHOOTUP >KA: EXIT IP: NOTE >KA HAS BULLETHOLE; EXIT
lA: e x it  IA: EXIT
DONE DONE
o: 0
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5) TO SHOOTUP / X /
1 NOTE ?A HAS BULLETHOLE
2 NOTE *A HAS BULLETHOLE :
FIGURE 8.1.
In th is  e x tra c t  S5 is  beginning work on program design 2 ) .
'SHOOTS' has not produced the d es ired  r e s u lts ,  so S5 decides to  rep lace  
'SHOOTS' w ith  'HAS-BULLETHOLE', The segment begins w ith  S5 e v a lu a tin g  
the move ( 1 ) ,  and the move proves to be not a very s a t is fa c to ry  s o lu tio n  
from S 5 's  p o in t of v iew , e i th e r  in re a l world terms ( 2 ) ,  or in  
programming terms ( 3 ) ,  but the r e la t io n  name r e f le c ts  the natu re  o f the  
in feren ce  th a t is  req u ired  (4 ) and so the new a l te r n a t iv e  is  deemed to  
provide some prospect of s u c c e s s .; Throughout, S 5 's  vo ices her concern 
to get a verb in to  the r e la t io n  s lo t  between the two v a r ia b le s .
W e ll, I d o n 't th in k  i t  makes sense but I c a n 't  th in k  what 
e l s e . . . .  Um, the mere ex is ten ce  of somebody HAVING FLU is  
meant t o . . . .  Suggest th a t the person being KISSed w i l l  have 
FLU and perhaps we can make the same assumption h ere , th a t  
one th in g  having a BULLETHOLE w i l l  have, make the next th in g  
have a BULLETHOLE. (2 ) But in  fa c t in re a l l i f e  th a t 's  not 
t ru e , is  it?  Cause, I mean, i t  is  t ru e , b u t, um, i t ' s  not a 
verb . SHOOTS is  the verb . B u t. . . .  (3 ) We've a lre a d y  IMPLIED 
th a t i f  one th in g  HAS a BULLETHOLE the o th e r th in g  w i l l  
have, um .. . .  W ill i t  a c c e p t . . . .  WeiL, I can always type i t  
in and t r y . . . .  And i t  w i l1: c o rre c t me won't it?  Um.. . .  EDIT 
SHOOT UP. CHECK.... CHECK X s p a c e .. . .  Can I: p u t . . . .  N o .. . .
E: What were you going to suggest?
I was going to say HAS-BULLETHOLE in the m idd le . That would 
sat is fy  me more.
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E: How do you mean?
To have a verb in  the m idd le , th a t says HAS-BULLETHOLE. .
Well, I'm not very happy with that BULLETHOLE A, there. (3 )
That doesn 't seem to be, um, a proper RELATIONSHIP. (4 )
W e ll, i t ' s  making the assumption, w e ll ,  i t  does say in the  
w rit in g  th a t you had to assume th a t i f  the BULLETHOLE was in  
the top one then i t  went a l l  the way through to  the bottom.
But I l ik e  to  have a verb in th ere  when I'm  doing i t .
Because th a t makes more sense to me., But I'm  going to  t ry  
th is  now I 'v e  got to fin d  out i f  i t  works. tS 5  types the new 
program m  a t the te rm ina l and runs i t .  The program puts a 
b u lle th o le  in the sandwich and s to p s .]  Go on then, do 
something. Why doesn 't i t  do something?
F in a l ly ,  S5 tu rns a c r i t i c a l  eye on the INFECT program i t s e l f .  Her 
own programs are too c o n s is te n tly  wrong to  be the re a l source of 
tro u b le . The obvious exp lan a tio n  is  th a t the example in  the Programming 
Manual has something wrong w ith  i t .
page(1 ) Um, I'm  read ing  th is  example in  the te x t ,  ag a in , on 
e ig h ty . TO INFECT X . . . .  NOTE X HAS FLU, um .. . .  They seem to  
have the same format as me, and mine doesn 't work. (2 ) They 
c la im  th e irs  does work. (3 ) I mean, i t ' s  th is  BULLETHOLE 
business, is n 't  i t?  W e ll, i t ' s  th is  exam ple. It^ s  a bad 
example. I mean,: th is  one about the BULLETHOLE, th is  one
w ith  the KISSES is  d i f f e r e n t .  I would need to  say t h a t  _
The f i r s t  X, the f i r s t  PARAMETER...., Does something 
a c t iv e ly ,  to  the second PARAMETER. But a l l  I 'v e  got is  
BULLETHOLE.
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E; How do you mean does something a c t iv e ly ?
(4 ) U e l l ,  in  the example i t ' s  got KISSES which is  an a c t iv e  
th in g . HAS BULLETHOLE.. . .  HAS BULLETHOLE.... S ha ll I t r y ,
HAS, n o . . . .
In the f in a l  segment, S5 is  seen making a comparison o f her second 
program w ith  the INFECT program ( 1 ) .  I t  is  somehow endearing o f her to  
suspect th a t th ere  is  something wrong w ith  INFECT-80,i instead  of there  
being a fa u l t  in  her own program ( 2 ) .  In  (3 ) S5 re tu rn s  to  her concerns 
voiced in the previous e x tra c t  : I t ' s  th is  b u lle th o le  business, is n 't
i t? "  (= ' HAS-BULLETHOLE' h a s n 't convinced SOLO th a t i t  is  a v e rb .)  
F in a l ly ,  (4 ) the Subject s p e lls  out e x a c tly  what the m isconception is ,  
and the experim enter was ab le  to  understand S 5 's  hour long in s is te n c e  
th a t th ere  had to be a verb .
Since S5 had ab s trac ted  a fa u lty  model of recu rs io n  from her 
o r ig in a l study of INFECT-80, i t  is  perhaps not too s u rp r is in g  th a t a l l  
she discovered about recu rs io n  in subsequent study o f the program was a 
r e f le c t io n  of her own fa u lty  model. She r i t u a l i s t i c a l l y used th is  
in te rn a liz e d  mal-model; to guide the design of one program a f t e r  an o th er, 
only to be fru s tra te d  t ime and again  in the u n p red ic tab le  natu re  of the 
output of these vario u s  s o lu tio n s  to  the ' BULLETHOLE' prob1em.
8 .5  A PRODUCTION SYSTEM MODEL OF AN IMITATION STRATEGY.
The PS presented in th is  s e c tio n  is  an ' i d e a l '  im ita t io n  s tra te g y .  
The purpose of designing an ideal im ita t io n  s tra te g y  was so th a t i t s
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tra c e  could be compared w ith  the behaviour o f in d iv id u a ls  who use the 
s tra te g y  in d ev is in g  th e ir  programs. Of the s ix  Subjects  s tud ied  in  
depth, f iv e  im ita te d  programs from the Programming Manual a t le a s t p a rt  
of the time they spent; on the 'BULLETHOLE'; problem, and four of the 
Subjects  used the im ita t io n  s tra te g y  e x te n s iv e ly . In  the PS ( id e a l 
Im ita t io n )  only one e x tra  ru le  has been added to model a s in g le  aspect 
of S 5 's  behaviour: the ru le  which r e s t r ic t s  the r e la t io n  s lo t  of the
t r ip le  embodying the w ild -c a rd  p a tte rn  match to be 'an  a c tiv e  r e la t io n ' .  
Although no fu r th e r  aspects o f S 5 's  behaviour has been m odelled, the  
idea l im ita t io n  s tra te g y  provides a good s ta r t in g  p o in t fo r  an a lyz in g  in  
d e ta i l  the o p era tio n  o f th is  p a r t ic u la r  s tra te g y  by examining v a r ia t io n s  
from the ideal s tra te g y . The reader may l i k e ,  as a f in a l  e x e rc is e , to  
examine again the S5 protoco l, g iven above in comparison w ith  the ru le s  
of the PS provided in the rem ainder o f th is  Chapter.
The fo llo w in g  production system uses th ree  e x te rn a l memories: :
( i )  the prob lem -statem ent, la b e lle d  [p ro b lem -s ta tem en t];
( i i )  the vdu, la b e lle d  CvduD;
( i i i )  the course u n it ,,  la b e lle d  H c o u rs e -u n it] .
The LHS fu n ctio n s  a re :
WBADLINEP* : -  r e tr ie v e s  the f i r s t  erroneous 1 ine in  the program.
*ACTIVEP* : -  re tu rn s  ' t r u e '  i f  i t s  argument is  an a c t iv e  verb .
&CORRESPONDINGLINEP* : -  is  tru e  fo r  i t s  f i r s t  argument, i f  the  
f i r s t  argument matches the second.
The RHS f u n c t i o n s  a r e :
>KSUBST)K t h i s  f u n c t i o n  d e l e t e s  i t s  t h i r d  a rgum ent from  w o rk in g
memory
and i n s e r t s  i t s  f i r s t  a rg u m e n t .
*REHEARSE* : -  t h i s  f u n c t i o n  m e r e ly  r e a s s e r t s  an e le m e n t  in  w o rk in g
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PAGE 8 -32
memory ( i . e .  does a *s u b s t*  of an element ifor i i s e l f ) ;
*FIND-EXEMPLAR* th is  fu nc tio n  performs the magical fe a t  of f in d in g
an app ro p r ia te  program to im ita te  in the course u n it  ( in  the curren t  
implementation i t  simply re tu rn s  the INFECT procedure in  the format 
shown
b e lo w ). i
( ( to  in fe c t  x)
( 1  n o t e  X  h a s  f l u )
( ( 2  check X k isses ?)
(2a IP: in fe c t  >K : e x i t )
(2b IA: e x i t ) ) )
*COURSE-UNIT* : -  ju s t  changes the C c o u rse -u n it]  in to  the argument of 
th is  fu n c t io n .  For example, i f  the course: u n it  was opened a t  page 80, 
i t  might look something l i k e :  ' (C c o u r s e -u n i t ] pg80 . . . . . ) ' .  Now, the 
fo l lo w in g  c a l l  to the funct ion ' * c o u r s e - u n i t * '  would rep lace  th is  w ith  
' (C c o u rs e -u n it ] pg90 . . . . . ) ' :
( fo o l  ( (C c o u rs e -u n it ] pg80 . . . . . ) )  ==> ( ( * c o u r s e - u n i t *  (pg90 . . , . . ) ) ) ) -
*RUN* : -  runs the program, and adds SOLO's output to the d isp lay  
' [ v d u ] '
in the app ro p r ia te  format, i . e .  in a form which can be used by r u le  IR4 
fo r  comparison w ith  the expected o u tp u t .
*E D IT *  : -  changes p art  of the d is p la y  (C v d u ]) .
^MISMATCH* : -  re tu rn s  the d i f fe re n c e  between i t s  two arguments,
(e .g .  (^mismatch* (CHECK / X /  SHOOTS ?) (CHECK / X /  KISSES ? ) )  
gives SHOOTS).
At the s t a r t  of execution of the SHOOTUP problem, working memory is  
assumed to be as fo llow s:
( (goal : achieve program)
(exp ected -o u tpu t: (sandwich p la te  newspaper book ta b le  f lo o r  ;
(has b u l l e t h o le ) ) )
( c h a i n - r e l : (on (sandwich p la te  newspaper; book ta b le  f l o o r ) ) )  
(procedure-name: shootup))
The ex te rn a l memories are as fo l low s:
(C c o u rs e -u n it ])
(Cproblem-statement] shoots b u l le th o le  on)
( [v d u ])
Rule IR9mc is  t a i lo r e d  s p e c i f i c a l l y  fo r  S5. The o thers  represent  
id e a l is e d  im itâ t  ion ru le s :
(d e fv  im itâ t  io n -ru le s  (
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CIRl ((program c o r r e c t ) )
==>
( ( * h a l t * ) ) )
( IR2 ( (program ach ieved ))
( (goal : te s t  program)) )
( IR3 ( (goal : te s t  program)
( c h a in - r e l :  (on ( - f i r s t n o d e  & ) ) )
( [v d u ]  &1ines (TO “procname =var) & r e s t ) )
( ( * r u n *  “procname = f irs tn o d e )
(goal : compare expected output w ith  ac tua l o u tp u t ) ) )
( IR4 ( (goal : compare expected output w ith  actua l output)
(exp ec ted -o u tp u t: &output)
( [ v d u ]  8c Scoutput 8 c )  )
( (program c o r r e c t ) ) )
( IR4b ( (goal : compare expected output w ith  actual output)  
(exp ected -o u tp u t: &output)
( [v d u ]  8c (*not>K 8cOutput) 8c) )
( (program in c o r r e c t ) ) )
; IF the goal is  to im ita te  a program, and there  is  a program to im i ta te ,
;THEN set up a p o in te r  to the top 1 ine o f  the program, and set up a goal
; to im ita te  the p re d ic a te .
( IR5 ( (goal : im ita te  program)
( [c o u rs e -u n it  ] exemplar: “ to p l in e  8c) )
“ “ > ■
( (exem plar-po in te r  : “ to p i in e )
(goal : im ita te  p re d ic a te )
(goal : in s tan t ia te  p r e d ic a t e ) ) )
(1RS ( (goal : im ita te  p re d ic a te )
(exem p lar-po in te r  : “c u r re n t -p re d ic a te )
( [c o u r s e -u n i t ] exemplar:
8c “c u r re n t -p re d ic a te  =n e x t-p re d ic a te  & re s t ) )
= =>
((Wsubst* (e x e m p la r -p o in te r : “n e x t -p re d ic a te )
fo r  :
(e x e m p la r -p o in te r : “c u r r e n t -p r e d ic a te ) )
(Wrehearse* (goal : in s t a n t ia te  p r e d ic a t e ) ) ) )
(IR7 ( (goal : im ita te  program)
([course-un i t ] ) )
( ( * s u b s t *  ([co u rse -u n i t ] exemplar : :(>Kf ind-exem plar*)  ) 
fo r
( [c o u r s e -u n i t ] ) ) ) )
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( IR8  ( (g o a l :  achieve program))
( (goal : im ita te  program)))
IF the goal is  to in s t a n t ia t e  the p re d ic a te  to be im ita te d ,  
and th a t p re d ic a te  is  of the form 'TO . . . ' ,
THEN w r i te  th a t l i n e ,  s u b s t i tu t in g  the new procedure name f o r  
tha t in the exemplar.
( IR9a ( (g o a l :  in s ta n t ia te  p re d ic a te )
(e x e m p la r -p o in te r : ( to  = = v a r ) )
(procedure-name: =procname))
( ( * e d i t *  ( to  “procname = v a r ) ) ) )
IF the goal is to in s ta n t ia te  the p re d ic a te  to be im ita te d ,  
and that p re d ic a te  is of the form ' NOTE 
THEN w r i te  that l in e  in ,  s u b s t i tu t in g  the new r e la t io n  and second node; 
fo r  tha t in the exemplar.
( IR9b ( (goal : in s tan t ia te  p re d ic a te )
(exemplai—p o in te r :  (=n note =var = =))
(exp ected -o u tp u t: (& (= re l  =node2)) ) )
( ( * e d i t *  (=n note =var =rel =node2)) ) )
o
IF the goal is  to ins tan t ia te  a p re d ic a te ,  
and the p re d ic a te  is a 'CHECK',
THEN copy the c h e c k - l in e ,  in s e r t in g  the r e la t io n  re le v a n t  to the 
curren t program, and in s e r t  the new procedure name.
( IR9c ( (goal : ins tan t ia te  p re d ic a te )
( [c o u r s e -u n i t ]  exemplar: ( ( to  =example-procname ) ) )
f  f  \
(exemplar-po in te r  : ( (=n check -v a r  = ?)
(=a IP: “example-procname re s t  1)
(=b IA: r e s t 2 ) ) )
( c h a in - r e l : (= re l  ) )
(procedure-name: =procname))
( (^scra tchpad* ((=n  check =var =re l ?)
(=a IP: “procname re s t  1)
 ^- . ■
(=b IA: r e s t 2 ) ) ) ) )
The fo l lo w in g  'm a l ' ru le  vers ion  of IR9c is  t a i lo r e d  to  85:
IF the goal is to in s ta n t ia te  a p re d ic a te ,  
and the p red ica te  is  a 'CHECK',
THEN copy the c h e c k - l in e ,  in s e r t in g  an a c t iv e  r e la t i o n  in the  
CHECK p art  of the curren t program.
( IR9mc ( (goal : ins tan t ia te  p re d ic a te )
( [c o u r s e -u n i t ]  exemplar: ( ( t o  =example-procname &) &))  
(e x e m p la r -p o in te r : ( (=n  check =var = ?)
(=a IP: “example-procname & re s t l )  
(=b lA: & re s t2 ) ) )  
( [p ro b lem -s ta tem ent] & ( * a c t iv e p *  = r e l ) &)
( * n o t *  (bad: - r e l ) )
(procedure-name: =procname))
( ( * e d i t *  ((=n  check =var =rel ?)
(=a IP: “procname & r e s t l )
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(=b IA: & re s l2 ) ) ) ) )
; IF the goal is  to in s tan t ia te  a p re d ic a te ,
; and th a t p re d ic a te  is  'DONE',
;THEN w r i te  'DONE', and note tha t  the program has been achieved. 
( IR10 ( (g o a l :  in s ta n t ia te  p re d ic a te )
(e x e m p la r -p o in te r ; done))
= =>
( ( * e d i t *  (done))
(program ach ieved )) ) ) )
( IR l l  ( (program in c o rre c t )
( [v d u ]  &w ( * b a d l in ep * =badline) &x)
( [ c o u r s e -u n i t ]  &y ( *co rresp o n d in g lin ep *  “ l in e  =badline) &z))
((Wsubst* (exem p la r-p o in te r :  “ l in e )  
fo r
(exem p la r-p o in te r :  &))
(bad: (^mismatch* =badline = l i n e ) ) ) )
o
CHAPTER 9 
EPILOGUE
o 9 .1  ACHIEVEMENTS.
In the pages of th is  th e s is  research in to  the behaviour of novice  
programmers has been reported .: The focus of a t te n t io n  has been on the
Knowledge novices possess, and the way they deploy the knowledge they 
have acquired in so lv ing  programming problems. This  approach represents  
a major s h i f t  away from the curren t paradigm, which has been content  
merely to demonstrate that there  are  d i f fe re n c e s  between novices and 
exp erts ,  and to c h a ra c te r iz e  the d i f fe re n c e s  mainly in terms of the 
knowledge the  expert has. The experiments reported  in Chapters 2 , 4, 
and 5 demonstrate that in te r e s t in g ,  r e le v a n t ,  and in fo rm ative  tasks can 
be designed fo r  studying novice programming behaviour. These tasks help  
us sp e c ify  in some d e ta i l  what novices know, and provide us a basis  fo r  
comparison w ith  what the expert knows. There are any number of tasks  
which novices r o u t in e ly  perform which could and should take the p lace o f  
the lab o ra to ry  tasks which have been used in the past to study novice  
programmers.
oo
\
\
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An ' i n t e r a c t io n is t '  theory of problem so lv in g  was presented. The 
theory p o s its  a r o le  fo r  both domain r e la te d  and domain independent 
Knowledge in problem s o lv in g .  The In te r p r e ta t io n  Theory, which embodies 
the theory of problem s o lv in g ,  has been useful in determ ining the
o v e ra l l  s t ru c tu re  of the behaviour of the Subjects who were 
SB's protocol was not w i ld ly  a t  variance  w ith  the theory .
s tu d ied .
The major weakness of the protocol analyses reported  in Chapters 7 
and 8 is  that there  was no independent scoring of the p ro to co ls .  In 
fu tu re ,  a l l  p ro toco ls  should be so scored,; w ith  a minimum 80% agreement 
on the id e n t i f i c a t io n  of important ca teg o ries  o f  response (c a te g o r ie s  1 
-  4) before the pro toco ls  are used as support fo r  the theory . Anything  
less  than 80% agreement should be regarded as a d isco n firm atio n  of the 
theory.
A lso, there  is  not a one to one mapping between the problem so lv in g  
model incorporated in  the In te r p r e ta t io n  Theory and the statements in 
the th in k -a lo u d  p ro to co ls ,  which in d ic a te s  that the In te r p r e ta t io n  
Theory needs to be c a r e f u l ly  re-examined..-
The theory a lso  s ta te s  th a t,  there  are no d if fe re n c e s  between 
novices and experts  in t h e i r  general approach to so lv ing  a given  
problem. This general! approach, (according to the theory) involves the 
s e le c t io n ,  a p p l ic a t io n ,  and e v a lu a t io n  of. domain r e la te d  and domain 
independent knowledge s t ru c tu re s ,  w ith  respect to elements of the
part ic u la r problem in hand.
\
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Although there  is  some support fo r  the theory in the p ro to co ls ,  
rigorous  te s ts  need to be made in an e f f o r t  to d isco n firm  th e - th e o ry ,
I t  may be that the theory is v ia b le  only in circumstances where fairly f 
in te g ra te d ,  domain r e la te d  Knowledge s tru c tu re s  a lready  e x i s t / i n  the ' 
minds of programmers. :
E xpert ise  in some domain is  r e f le c t e d  in the ' e a r l y  s e le c t io n '  in  
the problem so lv ing  process, o f  'domain i n t e l l i g e n t '  schemas which, once 
a c t iv a te d ,  assume a predominating ro le  in guid ing subsequent processing. 
A domain i n t e l l i g e n t  schema is  d e f in ed  as one which encodes both 
d e c la ra t iv e  and process in fo rm ation , the l a t t e r  of which a lone perm its  
a p p l ic a t io n  of domain re le v a n t  knowledge to the s o lu t io n  of problems. A 
novice is a problem so lve r  who has acquired 'more o r  le s s '  i n t e l l i g e n t ,  
domain re la te d  schemas. For example, some novices develop robust, but 
inaccurate , mental models of the behaviour of re c u rs ive  procedures, and 
are able  to use these models in the same way as experts  use t h e i r  
knowledge of recurs ion  in so lv ing  problems. The d i f fe re n c e  between such 
novices and experts  is  that there  are problems which these novices w i l l  
not be able, to so lve , s ince t h e i r  knowledge is inaccura te . Other 
( 2 1  novices seem to have acquired l i t t l e  more than a ' l a b e l ' fo r  rec u rs io n .
That is ,  t h e i r  developing recurs ion  schema contains l i t t l e  more than an 
index to the label and a p o in te r  to the section  of the Programming 
Manual which discusses recu rs io n .
This is  r e f le c te d  in the overwhelming re l ia n c e  on an im ita t io n  
s tra te g y  by the m a jo r i ty  of the novices who attempted the 'BULLETHOLE' 
problem. F ive  out of the s ix  Subjects (S6 through S10) used the  
\  s t ra te g y .  One of the goals fo r  the immediate fu tu re  is  to implement an
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improved Im ito i  ion s t ra te g y ,  and to incorporate  some le a rn in g  processes 
in i t .  A couple of the pro toco ls  (which have not been presented in th is  
th e s is )  show th a t some novices are  capable of ' le a r n in g  by d o in g ' : they 
t r y  something o ut, c a r e f u l ly  eva lua te  the e f f e c t  of the t r i a l ,  and s to re  
the r e s u l t  fo r  l a t e r  use. Others are  good only a t  t r y in g  th ings out,  
but seem to be d e f ic ie n t  in e v a lu a t io n  r u le s .  Something e i t h e r  works or 
i t  doesn't work. This sort  of approach was d isp layed rep e a te d ly  by S5, 
who would code one program a f t e r  another, and then simply type the 
program in a t  the term inal and run i t  w ithout any c e r ta in  expecta t ion s  
about i t s  outcome.
Also, there  are  some in te re s t in g  in d ic a t io n s  th a t some novices are  
very good at performing a wide range of tasks and th a t  some others  are  
c o n s is te n t ly  not very good perform ers. The same seems to hold tru e  fo r  
the experts  we used as a standard of comparison against the novices, in 
whom we were mainly in te re s te d .  ; For example, one expert looked q u ite  
l i k e  a novice on both the Q uestionnaire  task , and on the T ra n s c r ip t io n  
task . One novice performed 1 ike an expert: on the T ra n s c r ip t io n  task .
and was good
e v a lu a t in g .a
at understanding a programming problem and in designing and 
program.: . This is  an in te re s t in g  set of f indings th a t
should and w i l l  be fo llowed up.
F in a l ly ,  the model has to be extended. A wider range of concepts 
must be in ves tig a ted  and a wider range of programming languages. Both 
of these l a t t e r  tasks are a lready; in hand.;
APPENDIX A i!
O
PROGRAMS AND PROTOCOL GIVEN BY SI ON THE 
'GUILTY BY ASSOCIATION' PROBLEM.
TO IMPLICATE / X /
1 CHECK / X /  IS A burglar; ; 
lA IF PRESENT: NOTE " / X /  IS 
IB IF ABSENT: PRINT " / X /  IS
2 CHECK / X /  WORKS FOR ?
2A: IF PRESENT IMPLICATE:*  
2B: IF ABSENT:: EXIT
DONE
A CROOK"; CONTINUE 
IN THE CLEAR "; EXIT
o
TO IMPLICATE / X /
1 NOTE / X /  IS A CROOK
2 CHECK / X /  WORKS FOR ? :
2A IF PRESENT im p l ic a t e : C O N T IN U E  
2B IF ABSENT: EXIT
3 CHECK *  WORKS FOR ?
3A IF PRESENT IMPLICATE:*
3B IF ABSENT: EXIT
TO IMPLICATE / X /
1 CHECK / X /  IS A BURGLAR:
lA IF PRESENT NOTE / X /  IS GUILTY;: CONTINUE :
IB IF ABSENT: PRINT X IS NO CRIMINAL; EXIT
TO GUILTTEST / X /
1 CHECK / X /  WORKSFOR ?
2A IF PRESENT:; NOTE " *  IS A CROOK"’; EXITr /
2B IF ABSENT: PRINT " *  IS IN THE CLEAR"; EXIT
2 CHECK / X /  WORKS FOR ? 
2A IF PRESENT
1: ex: So we ju s t  have to do the assignment.
2: T h a t 's  r ig h t .
3: Which I ' v e  ju s t  made an awful mess of apart from the
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fa c t  tha t  i t ' s  been caught in the r a in ,
4: ex: D e l l ,  t h a t 's  q u ite  a l l  r i g h t .
5: I ju s t  co u ld n 't  get anywhere w ith  th is .
6: I mean I thought I q u ite  c o n f id e n t ly  understood;the  
pages in the book re la te d  to recurs ion  but what I c o u ld n 't  
r e la t e  was how I could b u i l d . . .
7: I w as .. . .
8: I was assuming ' i f  someone is  found to be g u i l  ty, then 
whoever th a t person works fo r  is  a lso  g u i l t y . '
9: I was. assuming that I c o u ld n 't  s t a r t  o f f  by NOTEing th a t  
Liddy was g u i l t y .
10: I was assuming that I had to make a CHECK to. t e l l  me . 
tha t Liddy was g u i l ty . :
11 : So I thought th a t  was easy..enough.
12: ex: Is t h a t . . . .  Did you t r y  working i t  out a b i t  a t a 
t ime as you've ju s t  d escribed , or d id  you t r y  to work i t  out 
al l a t one go? Gett ing a g e n e ra l . impression of what you had 
to do or d id  you in fa c t  as you ju s t  sa id  s t a r t  o f f  w ith  
Liddy?
13: Well,; I read a l l  that through f i r s t  and th a t a l l  seemed . 
q u ite  s t r a ig h t -  forward in terms of im p lic a t in g  somebody i f  . 
somebody e lse  works fo r  them .. . .
14: I mean t h a t 's  a funny way round.
15: That part of i t  I. understand, but what I c o u ld n 't  work /
out was how I could s t a r t  o f f  the procedure to e s ta b l is h  
tha t 1 iddy was in fa c t  g u i l t y ,  r ig h t?
16: I mean I s ta r te d  o f f :  TO IMPLICATE: CHECK X ISA 
BURGLAR; IF PRESENT: NOTE X ISA CROOK; CONTINUE.
17: ex: Why 'X  is a crook'?
18: Wei 1,. I ju s t  meant a change;from saying 'G U IL T Y '.
19: ex: But i t ' s  equ iva len t?
20: T h a t 's  ju s t  me t ry in g  to fe e l  as i f  I had some input of 
my own in to  i t ,  r ig h t?
21: IF ABSENT: PRINT X IS IN THE CLEAR, is  not g u i l t y .
22: X i s . . . .  ^
23: That would be the end of the procedure.
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24: Then on the next step I, was t ry in g  to run a CHECK on 
who Liddy worKs fo r  and then th is  is  where my recurs ion  
procedure came unstucK because i f  I then put IF PRESENT: 
IMPLICATE w ild -c a rd  Y i t  goes r ig h t  bacK to Step 1 o f  the 
procedure a n d . .
25: Nobody e lse  is  a b u r g la r .
26: The reason th e y 're  g u i l  ty  is  because .;the person works i 
fo r  them.
27: So what I couldn'.t work out, was a way of ju s t  not going 
back to the beginning of the procedure but: ju s t  to take a 
p art  of i t .
28: So then I thought; 'A h a ! What i I  need is a subprocedure, x 
you see, a n d .th is  is  where I r e a l l y  got messed up. ;
29: In fa c t  I mean i t  ju s t  went to p ieces.
30: For one moment I thought I saw the l ig h t  and I; was 
going to have a subprocedure c a l le d  TO GUILTTEST I c a l le d  i t  
because i t  c o u ld n 't  be TO IMPLICATE.
31: So what d id  I th in k  I was doing there?
32: D e l l , .  CHECK X ISA BURGLAR, th a t  was the same.. . .
33: And then I went back to using ' g u i l t y ' ,  I was ( la u g h te r  
and something u n i n t e l l i g i b l e ) .
34: A l l  these smart d e f in i t io n s  and I c o u ld n 't  even work i t  
o u t .
35: I thought I ' l l  ju s t  s t ic k  to the bas ics .
36: (mumbling)
37: And then what I th in k  I was going to do was say CHECK X 
WORKS FOR so-and-so, IF PRESENT:^ GUILTTEST a s te r is k .
38: But then I found I was jus t;  dupl ic a t  ing the same p art  
without a c tu a l ly  g e t t in g  to the d i f f e r e n t  d e f in i t io n  that I 
wanted.
39: I thought I t r i e d  something e ls e .
40: At that point I j u s t . . . .
41: I ju s t  co u ld n 't  see what I was meant to be doing any 
more.
42: And then I thought 'Ah ! Perhaps I misunderstood. ; 
Perhaps I made i t  more complicated than I need to .  Perhaps . 
you don 't  need to e s ta b l is h  L id d y 's  g u i l t . ,  Perhaps you can
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ju s t  assume, i t
43; But then I read o n . . . .
44: W e ll ,  I ' d  a lread y  read through th is  b e fo re ,  s o r r y , . . .
45: To me, th is  b i t  here about 'you may want to do. 
something more e la b o ra te ,  fo r  ins tance  you may want to  
include e x tra  CHECKs to see i f  o ther con- d i t  ions are  met 
before someone is  im plicated ,;  e .g .  is  that: person a Known 
c r im in a l , e t c . '
46: I d id n ' t  see the need to do th a t when the d e f in i t io n  of the
procedure
only.makes the fo l lo w in g  in fe re n c e :  i f  someone i s  found to be
g u i l t y
then whoever that person works fo r  is  a lso  g u i l t y .
47: So I. d id n ' t see :the po in t of r u n n in g . . . .
4B: Whether or not th e y 're  a c r im in a l  I thought was 
i r r e le v a n t  to the procedure o f  IMPLICATE.; :
49: They 're  im p lica ted  by d in t  of who they work fo r ;
50: And I wondered whether I was meant to go through i n  
each stage p u t t in g  CHECK X ISA BURGLAR, CHECK X ISA 
BIGLAWYER, CHECK X ISA PRESIDENT.
51 : ex: you thought of doing that?
52: Yes.
53: ex: And d id  you a c tu a l ly ?
54: No, I d id n ' t  because I thought, w e ll , ;  a b u r g la r : is  a 
c r im in a l ,  but a b ig law yer i s n ' t  n e c e s s a r i ly  a c r im in a l .
55: Nor is a p re s id e n t .
56: ex: So what s i t u â t  ion are we in a t the moment?
57: W ell,  I 'm  completely a l l  a t  sea now., =
5B: ex: I t  is not p erm iss ib le  to be a l l  a t  sea.
59: O h . . . .
60: I have to do something?
61: ex: When you came here did you th in k  you were defeated  
on th is?
62: Yes.
63: ex: W ell ,  which way can you.go now?
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64: The only th ing  I fe e l  I con poss ib ly  ido, which I .d o n ' t :  
th in k  is  being asked of me is  t o . . . .
65: By NOTEing that Liddy i s . g u i l t y ,  I then th in k  I can put 
in the re s t  of the procedure which w i l l ,  work through the 
re s t  of these o ther characters  okay, but I , . . . .
66: T h a t 's  c h e a t . . . .
67: T h a t 's  cheating , w e l l ,  t h a t 's  cheating .
68: ex: Why is  that cheating?
69: Because I haven't; CHECKed whether Liddy in fac t:  is  
g u i l t y .
( 2 ^  70: I ' v e  ju s t  NGTEd the fa c t  h e 's  g u i l t y  and from thence
im p l ic a te d . ,
71: ex: And yo u 're  d e f i n i t e l y  req u ired  to check th a t  h e 's  a , 
b u rg la r  or something f i r s t ?
72: Yes.
73: So your problem is ,  having:done th a t, ,  noting he 's  
g u i l t y ,  g e t t in g  the others?
74: W ell ,  I th in k  th a t is q u ite  s t ra ig h t fo rw a rd .
75: ex: What? G ett ing  u h h . . . . ?  :
76: G ett ing  the others once I ' v e  got L iddy.
77: ex: Ah. I see. How are you;going to get the o thers once 
you've got Liddy?
o 78: I 'm  going to CHECK who works f o r  who.:
79: ex: And do what? i
80: And IMPLICATE them.
81: ex: And Im p lica te  does what?:
82: W e ll ,  IMPLICATE in fe rs  that someone is g u i l t y . .
83: ex: I f  th e y 're  a b u r g la r . I  mean you f  i r s t . . . .
84: Oh, on my. . . .
85: ex: You came back. W e l l , . i n  fa c t  you came back to th a t  
and s a i d . , . .  This is your second guess, r ig h t?  But 
o r i g in a l l y  the procedure you've ju s t  come back to you sa id  
tha t Im p lica te  involves checking f i r s t  of. a l l  to see i f  
L id d y 's  a b u rg la r  and then the re s t  of i t ' s  very simple and
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i t ' s  simple because you ju s t  see i f  they worK fo r  someone 
and come back to Im p lica te  and o f  course when you come back 
to Im p lica te  what's  the f i r s t  th ing you have to do?
86: ex: To CHECK whether someone's a b u rg la r .
87: ex: So i t ' s  not as simple as you thought?
88: No, s o rry ,  I wasn't a c tu a l ly  ta lk in g  about th a t .o n e .
89: I was ta lk in g  about the one where I assumed from the  
s t a r t  th a t  L id d y . . .
90: That Liddy was a b u rg la r .
91 : I see. I see.
92: And then I could.;. . .
93: I was c o n fid en t th a t  I could CHECK the working f  
re la t io n s h ip s  between fh e  others: from t h a t . . . .
o
94: No, I c a n 't  see any way around th a t ,  ,1' m a f r a id .
95: Can you give me a clue?
96: ex: I t ' s  not in the nature  of the game a c t u a l ly .
97: A ll r ig h t ,  w e l l ,  I m e a n . . . .
98:
see.
ex: I mean I ' d  1 ike to see,you solve f t  
I mean i t ' s  in te re s t in g  so f a r ,  the
. I ' d  1 ike  to  
types of
s o lu t io n  you've t r ie d . ;
99: But I mean I have thought about i t  such a lo t  and I ' v e  
ju s t  got myself in to  such a muddle now that I know the 
a n s w e r 's . . . .
100: I 'm  sure the answer's q u ite  s tra ig h t fo rw a rd  because 
e very th in g .so  fa r  has been qui te  s t ra ig h t fo rw a rd  and i t ' s  
more or less d i r e c t l y  re la te d  to the p a rt  of the course i t  
says i t  has.
101: I th in k  here i t ' s  asking me to make some kind of jump 
tha t I haven 't  been shown how to do b efo re  and I c a n 't  seem 
to grasp hold of i t .
102: ex: W ell ,  what are your options? Which way would you 
l i k e  to t r y  to do i t ?  I mean i f  you had your way what would 
you l i k e  your procedure to do?
103: W ell ,  i t  would have to assume, I mean, i t  would have 
to NOTE that Liddy was g u i l t y  .to; s t a r t ,  'cause t h a t 's  the 
only procedure I 'v e  worked out that w i l l . . . .
104: That w i l l  g ive the req u ired  answers.:
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105; ex: Uel l , could you t r y  wr i t  ing a procedure? A c tu a l ly ,  
I ' d  l i k e  to have a procedure before th is  is  over. I mean i f  
you were doing the course y o u 'd :e v e n tu a l ly  have to come down :< 
on some side or o ther ;and do something. .
106: Well then, a l l  I ' d  be ab le  to do is  t h i s . . . .
107: This simple procedure h e r e . ;
108: ex: Well do you want to t r y  i t  and l e t ' s  see what 
happens?
APPENDIX B
o
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THE FULL TEXT OF THE INSTRUCTIONS GIVEN TO SUBJECTS ON THE
TRANSCRIPTION TASK, CHAPTER 5 .
On the ta b le  in f ro n t  of you there  is  a booklet and; a set  
of co loured:pens. The booklet, contains a number of passages 
of t e x t . A l l  I want you to do is. to copy a l l  the passages, 
word fo r  word, a f t e r  the procedure has been e x p la in e d ;to  
you. F i r s t  of a l l ,  the booklet contains alil the passages.
Each passage has a blank sheet of paper in f ro n t  of i t  and 
two blank sheets of paper behind; i t . The sheet of paper in  
f ro n t  of each passage :is there  to prevent; :anyone from seeing : 
the passage before th ey 've  received  a s ignal to look a t  i t .
The f i r s t  sheet of paper behind,each passage is  a dark  
co lou r,  and: is there  to prevent anyone seeing the passage 
through the back of the page i t ' s  w r i t te n  on when the page - 
is  turned. This is not; to suggest that anyone would th in k  of 
cheating . I t ' s  ju s t  that when I made up the f i r s t  b o ok le ts ,
I discovered that the tex t  could: be seen through the :: 
back of the paper, so :;I had to make up another set of 
booklets w ith  the e x tra  sheet between the page w ith  the te x t  .w 
on i t ,  and a page fo r  Subjects to w r i te  on. The w hite  page -, 
behind the .coloured page is  what; I want you to w r i te  on. Let :.
PflGELBrZ-
O
me show you what I mean. [A t th is  p o in t ,  the experim enter  
showed each; Subject tha t by l i f t i n g  the f i r s t  page of the 
b o o k le t ,  a passage o fx te x t  would be revea le d , and that on 
the second page fo llo w in g  the te x t  there  was a w hite  sheet 
of paper fo r  w r i t in g  o n .3 You a lso  have four d i f f e r e n t  
coloured pens and a p e n c i l ,  la id ;o u t  in the order:; red ,  
b lack , b lu e , and green pens, and: then the p e n c i l .  Uhat I 
want you to do is th is :  when I .g iv e  you a s ig n a l ,  turn  over 
the f i r s t  page and look immediately at the passage of te x t  
w r i t te n  on the page in fro n t  o f  you. Have the red pen in 
your hand, ready, so that when you s t a r t  w r i t in g  you won't  
have to search around f o r  the pen. When you turn  the page to  
look at the t e x t .  I ' 11 s t a r t  up th is  stopwatch and time you 
fo r  ten seconds. When the ten seconds are up. I ' l l  say 
'S t o p ' .  When I say 'S t o p ' ,  I want.you to turn  over 
to the second page behind the passage you've been read ing ,  
and w r i te  down every th ing  you can r e c a l l  of what you've ju s t  
read. You can have as long as you l i k e  to w r i te  down.your 
r e c a l l .  When you've r e c a l le d  every th ing  you can, I want you 
(2 ^  to turn  back to the t e x t ,  and have a second go. You can turn
back to the te x t  whenever you are ready. I ' l l  be watching  
you, and as soon as you turn  back. I ' l l  r e s t a r t  the t im er ,  
and g ive  you another : ten seconds to read before say ing 
'S t o p ' .  When I say 'S t o p ' ,  you w r i te  what; you can r e c a l l  the 
second tim e. A lto g e th e r ,  y o u '11. get f i v e  o p p o rtu n it ie s  to  
read each passage, w ith  ten seconds allowed each tim e. Are 
you r ig h t  handed? CAll! Subjects responded / Y e s ' .3 Okay. You 
can make i t  easy fo r  yo u rse lf  by f in d in g  the page you have
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to w r i te  on before looking a t  the passage you have to read , . 
and keep the in te rven ing  page: and the page w ith  the te x t  on 
i t  together in your l e f t  h an d ,: . l ike  th is . .  I  Experimenter 
showed each Subject how to make; himsel fi ready to turn  to the ; ; 
w r i t in g  page w ith  the minimum of f u s s . ]  That way,..you can 
keep the pages together in your l e f t  hand w hile  both reading  
and w r it in g :  and not be d is t ra c te d  looking fo r  the correc t  
page in-between times.; Also, a f t e r  w r i t in g  down a l l  you can 
r e c a l l ,  put the pen down a t the fa r  r ig h t  of the 1 ine of 
pens, and take the next one before you go back to read a 
passage again . That way you won't fo rge t what you've ju s t  
read w h ile  yo u 're  looking fo r  the c o rre c t  pen to w r i te  w ith .
I f  I see you s t a r t  to read or re - re a d  without a pen in  hand, 
or w ith  the wrong pen,: I ' l l  say so . Okay. Now, the idea of 
th is  task is  to e x t ra c t  as much in form ation  as poss ib le  from;; ! 
the passages you are going to read, and to do i t  as q u ic k ly  
as p o ss ib le ,  but you a lso  have to be very  a c c u r a te . . I f ,  f o r  
example, the f i r s t  l in e  of te x t  you happen to read has s ix  
words on i t ,  then I want that fa c t  r e f le c te d  in what, you 
( 2 2  w r i te  down.. That is ,  the f i r s t  l in e  you w r i te  should have
e x a c t ly  s ix  words. I f  the f i r s t  and t h i r d  and f i f  th words o f  : 
tha t l in e  happened to be c a p i t a l i z e d ,  then you should 
c a p i ta l  ize  these words when y o u .w r ite  down what you. are  ab le  .- 
to r e c a l l .  In o th er words. I ' d . l i k e  to be able  to say; at  
the end of the experim ent, th a t,  what you've w r i t te n  
p e r fe c t ly  r e f l e c t s  every th ing  in:: a l l  the passages: you were 
given to read. Now, although you: have f i v e  'goes ' a t  e ach .o f; . -  
these passages, i t  would be good: i f  you could copy each
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passage in fewer goes . ' I f  you.could copy the whole .tex t  
a f t e r  the f i r s t  view, ithat would be e x c e l le n t . Uhat I want - 
to know is  how much in form ation  can be e x tra c te d  from a 
passage of te x t  such as those y o u 're  going to see ..U h at I . 
want you to do is  to put down every th ing  you can r e c a l l .  If::., 
you th in k  you can r e c a l l  something, but you 're  not su re , put 
i t  down anyway. I f  yo u 're  wrong, you can always cross a 1 ine : 
through e r ro rs  on subsequent, goes. I f  you th in k  you can 
guess about the contents of what you've read but c a n 't  
remember, do th a t .  I f  yo u 're  wrong, you can a 1 ways cross i t  
out when and i f  you d iscover a n ; e r r o r . Don't be a f r a id  of 
making e r r o rs .  Uhat matters  is  that i t ' s  a l l  c o rre c t  in the . , 
end. Uhen you w r i te  down your r e c a l l ,  i t ' s  a good: idea to 
leave a blank l in e  between e a c h . l in e  you w r i te  so that you 
w i l l  have room to co rrec t  any e r ro rs  you might d iscover on 
subsequent readings and reca l ls.:. I f  you do discover: an 
e r r o r ,  ju s t  put a l in e  through the word or  group of words 
th a t  are wrong, and w r i te  in the co rrec t  word or words.
Don't s c r ib b le  over an e r r o r ,  as I ' d  l i k e  to be able; to look .< 
( 2 2  a t  them a f t e r  the experiment is  over. One f in a l  th in g .
Although I would l i k e  you to copy out each passage in the 
fewest possib le  number of goes.at i t ,  you must read:each  
passage f iv e  times. It, won't make any d i f fe r e n c e  to your 
f in a l  score, because i f  you've managed to copy the whole 
th ing a f t e r  three goes. I ' l l  be. ab le  to see tha t  because the : ; 
whole passage w i l l  be copied in red , b lack , and b l u e . : The 
Other two goes would give you an :o p p o rtu n ity  to check and 
recheck what you've w r i t t e n ,  t h a t 's  a l 1. And you must a lso
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lake the f u l l  ten seconds f o r  reading every time you re tu r n  : 
to a passage. In o th e r  words, once you've s ta r te d  reading  
you c a n 't  stop and s t a r t  w r i t in g  u n t i l  I say ' S t o p ' .O k a y ,  
t h a t 's  i t .  Do you have any questions about: what I want you 
to do? [Any queries  are  d e a l t .w i t h  at th is  p o in t .  During the := 
f i r s t  t r i a l  a l l  Subjects in e v i ta b ly  begin by fo r g e t t in g  to ; 
s t a r t  a reading phase w ith  the c o r re c t  pen in hand, but by 
the end of the f i r s t  t r i a l  they.become q u ite  adept at  
fo l lo w in g  the p ro ced u re .3
oo
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